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: THE JOURNAL OF 
| INDUSTRIAL HYGIENE 


SEPTEMBER, 1923 


STUDIES ON UNDERNOURISHMENT IN INDUSTRY, IL? 


Wiuuiam Hau Bunn, M.D. 


Youngstoun, Ohio 


PR HERE are a few new developments 
and some additional data, con- 
firmatory of the impressions recorded 
in the first report on undernourishment 
in industry (Tuts Jour., 1922-1925, 4, 
93), which seem to us to warrant the 
publication of this second report. 


PHYSICAL SIGNS OF UNDERNOURISHMENT 


That there is a distinet difference be- 
iween undernourishment and = under- 
weight becomes more apparent the long- 
cr one observes individuals from the 
standpoint of nutrition. As there is no 
ichnite agreement on the question as to 

nat constitutes undernourishment, we 

all hazard a definition, which  al- 
: ugh probably not complete, neverthe- 
F ‘ establishes a satisfactory standard 
purposes of this study. Our defini- 
is this: Undernourishment is that 
vsical state evidenced by, 
a1) Underweight (according to the 
ding height, age, and weight table). 


ceived for publication July 12, 1923. 


(b) Anemia. 

(c) Flabby musculature. 

(d) Relaxed skin. 

(e) Poor sustained response to men- 
tal and physical effort. 

This is the picture presented by the 
convalescent typhoid, an underfed pris- 
oner of war, or the patient with pyloric 
bloek, all of whom represent the ex- 
treme of undernourishment. Under- 
nourished to a lesser degree, but quite 
definitely so, many workers are trying 
to ‘fearry on’’ in competition with their 
healthy fellows. 

Criticism of the explanation follow- 
ing the word underweight is accepted. 
There is a question as to which is the 
best nutritional standard. We have 
tried all of the more generally used 
methods. The sitting heieht, bust meas 
ure, and weight ratio is not satisfactory 
as applied to working women, because 
of the variation in the amount of breast 
tissue and the difficulty in obtaining 
accurate measurements. We should 


eonsider von Pirquet’s system the most 
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exact if tables of experience represent- 


ing the study of adults in this country, 
rather than in Austria, were available. 
Under the circumstances, however, we 
have adopted the standing height, age, 
and weight method for the tollowing 


reasons : 

1. Beeause of the variable, i.e., fami- 
ly characteristics, all methods are ap- 
proximations. The influence of this fac- 
tor on individual weight is not measur- 
able; consequently slght misealeula- 
tions in the actual nutritional standard 
make little differenee. 

2. The weight factor constitutes only 
one of five factors in undernourish- 
ment. 

It is the most convenient and prac- 
tical plan. 

The word avemia is used in preter- 
ence to pallor, although pallor was the 
objective sign upon which most of our 
observations were based. Hemoglobin 
and blood counts have been made in a 
brew Instances. The eolor ot the COl})- 


junetiva and mucous membranes Is 
nearly always in agreement with the 
laboratory findings; consequently, un 
less patients are markedly anemic or 
progressively SO, observation Is the 
criterion in determining the presence or 
absence of anemia. 

Flabby musculature is taken to mean 
that state of underdevelopment and lack 
ot tone in the skeletal muscles which per- 
nuts the cheeks to sae, the biceps to re- 
main sott and unnoticeable on flexion of 
the forearm, the shoulders to droop, and 
the whole body to slouch. The shoul 
ders are usually rounded, the individual 
does not sit straight in his chair, but 
slumps, and there are often complaints 
of toot trouble and backache. 

Re laae d shay is evidenced by eold and 
clammy hands and feet. Loose folds ot 


skin are ¢ asily picked up over the CTCAT- 


er muscles and backs of the hands. T| 
is poor tissue turgor. 

The undernourished worker | tiy.. 
easily and grows mentally weary |, 
before his alert, healthy fellow noti, 
the effect of work. When he goes home 
in the evening he is ready for bed; 
does not have the power to recover |)js 
strength during the night’s rest; he ets 
up feeling as tired as he did on retirin 
there is no refreshment, no zest for the 
coming day; he is often irritable, tyre. 
quently absent from his work, and is 
prone to develop troublesome infections. 


On working operations, in which ilie 
element of fatigue does not usually on 
ter, it is found that the amount of work 
done by those who are undernourished 
is less than the average amount, je- 
cause of mental weariness and physica! 
weakness. In other instances produce. 
tion may be regulated by the machine, 
so that the factor of speed is not the eri- 
terion; but in 
amount of spoilage is apt to be much 


these operations the 


higher among the undernourished. 

There is another physical sign which 
is frequently present-—namely, lack ot 
luster in the eve; but as this may occur 
in so many other conditions, it is no! 
considered as typical of undernouris! 
ment. 

The number of operators who are 
merely underweight, without having tlie 
other signs of undernourishment, 
humerous in many plants employing 
women. It is our experience that m 
individuals in this class, whether or 
they show the other signs of underno 
ishment, are underweight because ot | 
or more of these reasons: 

(1) family characteristies; (2) § 
ease; (3) unusual physique; (4) lac! 
knowledge of proper diet; (5) hast: 


eating: and (6) earelessness in diet. 








BUNN—UNDERNOURISHMENT IN 


Mertruop or ‘TREATMENT 


\Ve are convinced that it is advisable 
ad possible in many instances to in- 
rease the weight of those who are 10 
sinds or more below standard, so that 
more nearly compares with the so- 
alled normal. The method of procedure 

essentially that outlined in the pre- 
ous paper. This is briefly: 

|. Determine, by careful questioning, 
‘he family physical tendency as _ to 
stature. 

». By painstaking physical examina- 
‘tion, eliminate disease as the reason for 
the lack of flesh. 

3. Give careful instructions in the hy- 
ciene of the alimentary tract. 

4. Provide intermediate nourishment 
at the dispensary, morning and after- 
noon, in the form of a milk carbohydrate 
enforced mixture. 

). In selected cases, advise the use of 
cod liver oil or Blaud’s pills. 

The tormula for the extra food which 
we have found to be the most suitable, 
from a standpoint of weight-producing 
qualities, taste, and digestibility, con- 


sists of: 

GRIN OPO is nse ke hb hone CRS eee 2/3 OZ. 
Horlick’s Malted Milk ............... 1 oz. 
Sweetened cooked cocoa... .enough to taste. 
i Saupe sufficient quantity to make 10 oz. 


This mixture is given to the diet class 
Various 
ther carbohydrates have been tried— 
Karo Korn 


if U:50 a.m. and at 2:30 p.m. 
actose, Syrup or cane 
igar, a chocolate preparation, put up 
a loeal dairy, called ‘*400’ (this eon- 
uns 400 ealories per pint), and other 
ombinations—but they have all been 
isecarded for the foregoing formula. 
ccasionally an individual is found who 
nnot digest this mixture. In sueh 
ses whole milk or milk and cream, half 
i half, is advised. 


4 


\t the beginning, as was mentioned 


INDUSTRY lol 


in the previous paper, the nourishment 
was given free of charge to all those 
who were found to be 10 pounds or more 
underweight. Finally, it was decided 
that we should ask payment for this 
service, and we are now charging slight- 
ly less than the cost of the materials. 
Much to our surprise, since a charge has 
been made for the extra food, many re- 
quests have come in from those who 
have seen others benefited by this pro- 
eedure, so that our class is now larger 
than it was formerly when no charge 
was made. 


PHYSICAL WXAMINATIONS 


It is our custom to examine all em- 
ployees every six months. The plan in 
vogue at the present time is somewhat 
different from that which was former- 
ly used. In place of calling the workers 
in alphabetical order for physical ex- 
aminations, each department is asked to 
time to be 
weighed and measured. After the cal- 
culations have been made in order to de- 


send a group at lunch 


termine the proper weight for the age 
and height, all those who are 10 pounds 
or more underweight are called for their 
This 
plan has several advantages. In the 
first place we are convineed that: 

1. Mamntenance of weight 1S One, if 
not the best, criterion of good health 


medical examination as a group. 


among individuals who are able to work. 

2. The comparison with the weight on 
previous examination is extremely val- 
uable. It has been found that not many 
of those keeping their weight are sut- 
fering from progressive illness. 

3. In addition, by following this plan 
most of those below normal in weight, 
who are the potentially sick, are more 


easily considered as a group, and as 


such ean be watched with ereater fa 
cility. 
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THE 


Resutts or TREATMENT 

A favorable and unexpected result of 
feeding the undernourished is the effect 
on chronic constipation. With few ex- 
ceptions, our diet class is benefited im 
this respect. This cannot be attributed 
entirely to the milk formula, for in addi- 
tion to providing extra nourishment, an 
effort 1s made to have the employees 
select food at the cafeteria which is con- 
sidered to have an effect on sluggish in- 
testines. ‘Then, too, smee we have come 
to realize the importance of the tre- 
mendous variation in the length and po- 
sition of the intestinal traet in the sev- 
eral tvpes of physiques (as suggested 
by Dr. Joel I. Goldthwait), we are care- 
fully instructing those who have ptosis 
to lie and others, 
whose alimentary tracts, we judge, are 
10 to 15 teet shorter than the supposed 
normal, to eat those foods which pass 


down atter meals. 


through the intestines slowly, im order 
that proper digestion and absorption 
may take place. 

Can the undernourished 
vain weight? 


be made to 
Yes, nearly always, pro- 
vided chronie, progressive illness is not 
the cause of the condition. 
derweight be 


Can the un- 
made to gain? Yes, in 
many instances, and we believe with dis- 
tinet benefit. An increased weight puts 
a greater margin of safety between them 
and the chance of developing a chronie 
The 
added pounds give confidence and vital- 
ity, and frequently make of a poor oper- 
the 


The mental attitude of con 
fidence, which is engendered by a nor- 


disease, especially tubereulosis. 


ator a capable, pleasant 
department. 


asset to 


mal body, is an invaluable psychological 
attribute. It frequently replaces that 
apologetic state of self-pity which is in- 
compatible with a happy existence or 


with veood work. 
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In this connection, it has been inte: - 
esting to find that those who are °) 
pounds or more overweight are not s 
efficient who are of norm: 
weight or who are underweight, but th: 
are more efficient than those who are 
undernourished. Their mental attitude, 
however, is quite different—a proot of 
the proverbial saying that the fat are 
eood-natured. 

In confirmation of the statement made 
in our first report, we have found that 
the best results are secured in the group 
of employees convalescing from illness. 
[If no other reason existed for intermedi 
ate feeding, the benefits derived from 
this phase of preventive medicine would 
justify its continuance. It is a 


as those 











real 
pleasure to see the employee who is very 
anxious to get back on the job after an 
illness gain weight and strength n:ore 
rapidly than oceurs in private practice, 
because of systematic extra feeding and 
rest periods. 

We are thoroughly convineed that 
undernourishment and low efficieney go 
hand in hand, and that those who are 
10 pounds underweight (from other rea 


sons than 


family characteristics) ar 
often below the average of a department. 
Among 400 employees, in two years, 
there have been twenty, or 5 per cent., 
who were definitely undernourished, and 


sixty, or lo per cent., who were 1! 
pounds or more underweight. Efforts 
to bring these persons to a norma 


resulted 

increased working efficiency in near! 
every This ot means 
saving of dollars and cents to the en 


yhvsieal condition have 
pry 


case. course 
ployer. We do not forget, however, th: 
these benefits stand apart from the mo. 
important considerations—prolongati 
of life, freedom from disease, and a co! 
tented, happy existence—factors whi 


eannotl he measured. 








LEAD STUDIES: VI. ABSORPTION OF LEAD BY THE UPPER 
RESPIRATORY PASSAGES* 


HerRMANN L. Buumeart, M.D. 


I'rom the Laboratories of Physiology of the Harvard Medical School 


VN a previous communication (1), 11 
was shown that although the watery 
-traet of the pituitary gland was not 
‘bsorbed from any other internal or ex- 
rnal surface of the body, it neverthe- 
ess gained rapid and effective entrance 
nrough the nasopharynx. The disclo- 
sure of such an interesting physiological 


eprom: 2G 


mechanism raised the query whether 
this absorptive power might extend also 
to particulate matter. Lead was used in 
ihe experiments because a trustworthy 
method for the determination of minute 
amounts in biological material had been 
developed (2); the carbonate was chosen 
because, judging by its importance in 
producing lead poisoning, it is appar- 
ently readily absorbed. 

The three portals of entry for lead are 
usually considered to be the respiratory 
tract, the gastro-intestinal tract, and the 
skin. Of these, the last is of admittedly 
uinor significance, for only minute quan- 
tities can be absorbed by this route. 
Practically the entire evidence in sup- 
port of this possibility is clinical; and in 
‘| such cases reported, the ingestion or 

spiration of fine particles cannot be 

‘tuded. 

\uthorities differ widely in the com- 

rative etiological importance which 

attach to the gastro-intestinal and 
respiratory tracts. The outbreaks 
Jumbism following contamination of 
er supplies establish the possibility 
vastro-intestinal absorption. Most 
crvers agree that the ineidence of 
poisoning in any given occupation is 


eived for publication June 1, 1925. 


roughly proportional to the existent 
dustiness; but whereas some believe that 
the dust is inhaled directly into the 
lung's and is there absorbed, others main- 
tain that the dust first becomes lodged 
in the upper respiratory passages and is 
then swallowed. A body otf evidence 
exists, however, that points to another 
and heretofore unrecognized possibility 
—namely, absorption from the upper 
respiratory passages themselves. 

The two essential requisites for the 
entrance of lead through any portal are: 
(1) deposition of lead on that surface; 
and (2) absorption from that area. 

lL. Deposition of Lead in Upper Air 
Passages.—One of the chief functions of 
the upper respiratory passages is that 
of filtration. The vibrissae at the en- 
trance to the nose catch the larger parti- 
cles, while the irregularly shaped nasal 
passages bathed in mucus impede and 
entangle any fine dust. This sieving 
property is well illustrated by the ulcer- 
ative lesions occurring in the noses of 
workers in dry chrome salt, basic slag, 
and the arsenical green powders. ‘The 
effectiveness of the nasal passages is 
even more strikingly illustrated by the 
comparative absence ot pneumokoniosis 
in the lunes of horses that have lived 
for ten or more years in dusty mines 
(3), since horses breathe exclusively 
through the nose. 

In mouth breathers, dust lodges on the 
mucous membrane of the mouth and 
posterior pharyngeal wall, but a some- 
what higher proportion finds its way dl- 


rectly to the lunes. The work of Leh- 
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mann, Saito, and Gfrorer (4) is perti- 
nent in this connection. They inhaled 
dust of definite white lead concentration 
and found that, when inspiration was ac- 
complished through the nose and ex- 
piration through the mouth, only 2 per 
eent. was again exhaled, 51 per cent. be- 
came lodged in the nose, and 3 per cent. 
was to be tound in the washings from the 
mouth. It seems certain, from the above 
considerations, that an important frac- 
tion of inhaled dust must become lodged 
in the upper respiratory passages. 

2. Absorption of Lead trom the U p- 
per Respiratory Passages.—No direct 
evidence exists that such absorption 
takes place, but the unusually rich blood 
supply and the close mesh-work of sub- 
mucosal lymphatics seem to favor such a 
process. The abundant supply of mucus 
in the upper air passages may possibly 
exert a solvent effeet on lead salts. 
Bloomfield (5) found that various 
strains of bacteria implanted on the 
normal intaet nasal mucosa underwent 
rapid dissolution and could not be reeov- 
ered at the end of one to three hours. 

Certain phenomena indicating actual 
absorption of substanees are of consid 
erable interest in this connection. Klebs 
(6) relates that it was an ancient custom 
among the Chinese and Hindus to vacei- 
nate against smallpox by blowing the 
finely powdered virus into the nostrils. 
Similarly Dserzgowsky (7) produced ac 
tive immunity in animals by administer- 
ing diphtheria toxin intranasally by 
sprays and cotton plugs. Blumenau (8) 
repeated these observations on large 
numbers otf children, using’ intranasal 
plugs heavily soaked with undiluted 
toxin. Like Dzerjgowsky, he found that 
the procedure caused no subjective 
SVmptoms, but was followed by the a})- 
pearance’ of a small amount of antitoxin 
in the blood. These experiments derive 
additional significance trom the tact that 


Anderson (9) tried in vain to immuni 
guinea-pigs to diphtheria by subeuta 
neous injections of toxin. 

More exact demonstration of the a| 
sorption of substances by the nasophai 
vnx is afforded by the experiments o: 
Sewall (10) on guinea-pigs. Sewall 
found that if three minims of hors 
serum were instilled intranasally into 
guinea-pigs, subsequent intravenous in 
jections revealed that the animals had 
become either sensitized or immune. In 
the former group, the first intravenous 
injection caused speedy anaphylactic 
death. In the other group of animals, 
the first intravenous injection produced 
practically no reaction, and a second in- 
jection after an interval of three weeks 
was likewise withstood. Later work 
(11) demonstrated that the transfer of 
immune serum conterred immunity on 
normal guinea-pigs, enabling them to 
withstand intravenous injections of 
horse serum which always proved fatal 
to controls. As the authors of these ex 
periments realized, however, there was 
no assurance of the site of absorption otf 
the horse serum, since some may have 
reached the trachea and some was cer- 
tainly swallowed. 

The only proot of the actual absorp 
tion of substances in the nasopharynx Is 
afforded by pituitrin (1). When pitu 
trin is held in the mouth for fifteen mim 
utes and is then swallowed, or when it is 
o1ven by rectum or in salol-coated tal 
lets, it proves wholly ineffectual. Whe 
it is applied intranasally, however, | 
checks both the polyuria and the po! 
dipsia of diabetes insipidus quite as | 
fectively as when it is administered 1 
podermically. | 

No data exist, however, concern 
the absorption of particulate matt 
from the upper respiratory passag' 
In view of the foregoing a priori arg 
ments, and in view ot the susceptibil 
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' this problem to experimental attack, 
he following work was undertaken. 


METHOD 


Dogs and cats were used. Under ether 
nesthesia and aseptic precautions, the 
eck was incised in the midline and the 

‘rachea and the esophagus were iden- 
ified. The esophagus was completely 
ccluded by two or more ligatures, the 
‘rachea was opened below the thyroid, 
and a tightly fitting glass cannula was 
inserted. The lumen of the upper free 
end of the trachea was then occluded by 
‘wo or more ligatures. The wound was 
closed in the usual way. Finely pow- 
dered lead carbonate dust was then 
sprayed into the nose with an ordinary 
nasal atomizer fitted to a short piece of 
small rubber tubing. The amount of dust 
delivered was estimated by weighing the 
atomizer before and after use. In order 
to guard against contamination of the 
air by the dust, a wet towel was wrapped 
about the head and atomizer after the 
atter had been inserted into the nose. 
the animals were kept in cages and 
vere carefully observed for any signs of 
‘racheal obstruction. Physiological sa- 
ine or 10 per cent. glucose solution was 
utroduced intraperitoneally. .The ani- 
mals did not survive the operation well, 
ecoming gradually weaker and dying 
iter eighteen to thirty-six hours. 

Mach animal was carefully autopsied 
ith particular reference to the state of 
ne trachea and the esophagus. ‘The 

i was discarded. The esophagus was 

vered just below the ligatures, the up- 

Y portion was washed, and was then 

ed with water to discover whether the 
men had been completely obliterated. 
1e¢ upper portion of the trachea was 

ullarly tested. In order to make sure 


no absorption had taken place via 
esophagus or the trachea, the tho- 
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racic portion of the esophagus, the tra- 
chea below the cannula, and the lunes 
were analyzed as a group, with partic- 
ular care. In all the experiments pre- 
sented below, the ligatures were effective 
in preventing the passage of lead. To 
avoid contamination, the animal was 
then decapitated and the entire head 
was discarded. The skeleton, the re- 
maining internal organs, the muscles, 
and the liver ineluding the gallbladder, 
were each analyzed separately, accord- 
ing to the procedure of Fairhall (2). By 
this method lead is separated as the sul- 
phide, is redissolved, and is finally esti- 
mated as the chromate. The accuracy 
of this method for minute amounts of 
lead in biological material has been 
clearly demonstrated. Of the tissues 
analyzed, only the skeleton offered diffi- 
culties. After suecessive ashines and 
extractions, it was frequently necessary 
to ignite the residue with equal parts of 
sodium and potassium nitrates. ‘The 
tendency of the lead to precipitate as the 
phosphate necessitated the use of tar- 
taric acid according to the directions of 
Minot (12). 


PROTOCOLS 


EXPERIMENT 1.—November 6, 1922. Dog, 
female. Weight 6.5 kg. At 1 p.m. 0.0075 om. 
of morphine sulphate was injected hypo- 
dermically. The operation was performed 
under ether at 3 p.m. A midline incision was 
made, and the esophagus was completely tied 
off by four hegatures below the level of the 
thyroid. A tracheal cannula was then in- 
serted. Two ligatures were tightly applied 
about the open end of the trachea above the 
cannula. After the operation 0.48 gm. of 
finely pulverized white lead was sprayed in- 
tranasally. The dog died at the end of eigh- 
teen hours. 

At autopsy the cannula was found ob- 
structed. The trachea above the cannula, and 
the esophagus appeared completely oeceluded 
by ligatures. and, when tested with water, 


thev did not leak. 
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Tissue Analyzed Mg. of Metallic Lead 


ES? oe Sc Be Ms), > eed! alle i. 
Lungs, trachea, esophagus .......... trace’ 
BE ces 0e shew Khe eee a RKR eee 0.1] 
M,N WW in 5 so aN oa eee en ene 0.2 
STAUGFTIGL OTMOAMS: 0.60. cc cic ccc eseeces 0.2 
‘Less than 0.1 meg. 
IMXPERIMENT 2.—November 13, 1922. Dog, 


male. Weight 8.4 ke. At 2:10 p.m. 0.0075 
em. Of morphine sulphate was injected. 
The experiment was performed under 
ether at 3:40 p.m.; the procedure was the 
same asin Experiment 1. After the operation 
0.41 om. of lead dust was sprayed intra- 
nasally. 
After twenty-three hours, the dog was very 
weak. Five hundred e¢.e. of 10 per cent. glu- 
cose were given intraperitoneally and an ad- 
ditional 0.42 em. of lead was 
sprayed intranasally. The dog died one hour 
later, twenty-four hours after the operation. 
At autopsy, the trachea and the lungs were 
normal in appearanee, 
no evident 
and 


carbonate 


Other organs showed 
abnormality. Both the 
the esophagus above the 
tained water without 


trachea 
ligatures re- 
leaking. 


Tassie Analyzed My. | Metallic Lead 
TI, | i hala é bao 0 odin be mébeehdinr 22.0 
Lungs, trachea, esophagus .......... trac 
SS. 6:5 2 one te oie ine a hele orbs 4 e2 1.5 
PE 6 weed cte eke nh oes eee kes Q.? 
Internal organs ............ececeees O.S 

Less than O.1 me. 

MXPERIMENT 3.-—November 20, 1922. Cat, 


Weight 2.7 ke. 

The usual operation was performed under 
ether at 3 p.m. The cat was in good eondition 
atter the operation. In this experiment 0.18 
om. of lead dust was sprayed intranasally, 
and approximately 150 ¢.e. of physiological 
saline were given intraperitoneally. 

After twenty-four hours, under light 
ehloroform anesthesia, approximately 150 e.e. 
of saline solution were given intraperitoneal- 


male. 


lv and 0.50 em. of lead dust was sprayed in- 
tranasally. Death occurred between thirty 
and thirty-six hours after the operation. 

At autopsy, both contained 
patches of broncho-pneumonie consolidation. 
The lett upper lobe, and, to a lesser extent, 
the right upper lobe, contained areas of red 
hepatization. NO 
ed, both the 
above the 


lobes 


lower 


eXxIist- 
the esophagus 
without 


tracheal obst ruet ion 
trachea 


ligatures 


and 
retained water 


I aking. 
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Tissue Analyzed Mg. of Metallic Lea 





CE oe a eee eee ee ES 29 
Lungs, trachea, esophagus....... faint tra 
EE A eae SS A Os Ses l 
I 5 creat 2 Ue AP rae a ae faint tra 
Sees OD ena Ce cee ees 0. 


EXPERIMENT 4+.—November 20, 1922. Ca 
Weight 3.6 ke. 

The experiment was performed at 3 P.M. 
the operative procedure was similar in all rr 
spects to that used in the foregoing exper 
ments. Immediately after the operation 0.30) 
om. of lead dust was sprayed intranasall 
and approximately 150 ¢@.e. of physiological! 
saline were introduced intraperitoneally. 

Atter twenty-four hours, 0.47 gm. of lead 
dust Was again sprayed intranasally, and 150 
e.c. of saline solution were given intraperi. 
toneally. Death cecurred between thirty and 
thirty-six hours after the operation. 

At autopsy, patches of pneumoniec con 
solidation were to be seen seattered throug! 
out both lungs. Water was retained in th 
esophagus and the trachea above the hga 











tures, without evident leakage. 

Tissue Analyzed Mag. of Metallie Lead 
EO ee Se re ee ee er 20.0 
Trachea, lungs, esophagus ...... none found 
Rs on eg VP ON Es. J oe eae 0.5 
rs ee en eee Uo 
Vy 0.2 


. @ 28 O88: Se oS. 8 


DISCUSSION 


The lead found in the tissues in thie 
foregoing experiments must have bee! 
absorbed in the upper respiratory pas 
In all the autopsies, both the tra 
chea and the esophagus were so securel) 
compressed that no leakage of wate! 
eould be 


Sages. 


demonstrated postmorten 
Final proof of the efficacy of the liga 
tures in preventing the passage of lea: 
was afforded by the chemical analys 
of the organs below the ligatures. In» 
lead be 
strated than was to be expected fro) 
the usual distribution found by Min 
(12). The average amount of lead al 
sorbed, in terms of metallic lead, wa 
approximately 22 This figure in 


instance could more demo! 


me. 
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ides the first experiment, in which the 
total may be due to a loss of lead 
the analysis of the skeleton. 
The presence of an aréa of such strik- 
absorptive power naturally excites 
riosity as to its physiological impor- 
nce. The work of Sewall (10), previ- 
sly cited, strongly suggests that 
sopharyngeal absorption may play an 
portant role in establishing resistance 
. the ‘*droplet infections.’’ The ana- 
mical design of the upper respiratory 


y] 


npassages which prevents the progress 

particles to the more vulnerable pul- 
johary passages, the power of mucus 
‘) dissolve organisms, and the ability of 
ihe nasopharynx to absorb such decom- 
yosition products, constitute:a chain of 
forees splendidly adapted to the crea- 
tion of natural active immunity. 

The exact mechanism underlying 
nasopharyngeal absorption is not clear. 
(‘ortain facts are, however, of consider- 
able interest in this connection. Flexner 

i3) has shown that, after intraspinal 

oculation of monkeys with the Diplo- 
coccus Intracellularis, the organisms can 
e detected both free and intracellular- 

in the nasopharynx; and similarly, 

ihe virus of poliomyelitis has been 
demonstrated in the nasal mucosa of 
monkeys inoculated intraspinally (14). 
'he successful inoculation of poliomye- 

lis virus into the nasopharynx (15) 

carly demonstrates that the naso- 

arvnx may serve also as a portal of 
try in certain diseases. Whether ab- 
rption is accomplished through the 
od stream, through the lymphatics, 
through both channels, it is, however, 
ossible to state. 
0 information is offered by the pre- 
ing data coneerning the relative im- 
tance of nasopharyngeal absorption 
ead poisoning. Certain experiments 
‘ormed previously by Minot (12) 
an entirely different aim bear on 


this point. Cats, in which the esophagus 
had been ligatured, received  intra- 
tracheally from 5 to 10 ee. of a heavy 
suspension of lead carbonate. The sus- 
pension was introduced while the ani- 
mals were still unconscious; this facili- 
tated the entrance of the substanee di- 
rectly into the alveoli. These animals, on 
regaining’ consciousness, couehed con- 
siderably, so that the upper as well as 
the lower respiratory passages must 
have received depositions of lead. Not- 
withstanding the markedly increased 
area of absorption in these cats, the 
amount of lead recovered from the tis- 
sues was of about the same order of 
magnitude as in the present experi- 
ments—.e., a range of from 16 to 40 
me., with an average of about 25 me. 

These experiments do not reproduce 
the situation found in industry. They 
represent in cats and dogs a sudden ex- 
posure to a relatively large amount of 
lead dust with the exposure limited to 
the upper respiratory passages down to 
the larynx. Absorption is” probably 
hindered in the experiments by a large 
part of the lead dust being lost in the 
drooling which follows the operation. 
The nasal mucus is also not concentrat- 
ed by evaporation as when normal 
breathing occurs. In spite of these op- 
posing factors, these experiments dem- 
onstrate a rapid absorption of relative- 
ly insoluble lead particles from the up- 
per air passages sufficient to imduce 
plumbism readily by this portal of en- 
try alone. 


(CONCLUSIONS 


1. Particulate matter in the form ot 
pulverized lead carbonate is readily ab- 
sorbed from the upper air passages ot 
eats and dogs. 

2. The absorption is rapid and of a 
magnitude far in excess of the minimal 


tOxie dose. 
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would therefore seem to be a definite 
possibility. 
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“TRTHER OBSERVATIONS ON THE CONTROL AND PREVENTION OF 
TETRACHLORETHANE POISONING* 
D. C. Parmenter, M.D. 


Assistant in Industrial Medicine, Harvard Medical School, and 
Instructor in Ilygiene, Harvard College 


p RIEVIOUS observations on this sub- 
.  jeet (1) have led to the conclusion 
‘hat symptoms of the very early stages 
{ tetrachlorethane poisoning can be de- 
rected by eareful observation. These 
early stages may be accompanied by, 
and are often preceded by, a particular 
blood picture, as was discovered by 
finot and Smith (2). Proper interpre- 
tation of this picture, it was believed, 
would make possible the prevention of 
all but very slight cases of poisoning. 


e 


The purpose of these additional ob- 
servations is chiefly to show that these 
earlier conclusions have been borne out 
by practical application of their princi- 
ples over a period of more than two 
vears, and that as a result of their appli- 
cation no serious poisoning from tetra- 
chlorethane has occurred in that time. 
1 faet, only one real case of jaundice 
has resulted. Furthermore, certain 
tendencies in the action of this substance 
on the human organism, which were 
noted in the previous papers, have be- 
come much more definitely understood 
1s time has gone on and as an oppor- 
‘unity has been afforded to watch the 
sane men in contact with the substance 

cr extended periods. 

As was brought out by Minot and 

mith, in most eases the increase in 

rve mononuclear cells keeps almost 
act pace with the appearance of or in- 
ease in symptoms. The increase in 
ken and immature large mononu- 
ars also follows practically the same 
irse. As was noted previously, sud- 


keceived for publication April 14, 1925. 


den very heavy doses of the fumes of 
tetrachlorethane often produce symp- 
toms far in advance of the blood changes 
and far more severe than are justified 
by the blood picture. Nevertheless, the 
blood picture reaches the same degree 
of severity, although sometimes not until 
a day later. In other words, the symp- 
tomatology curve and the blood curve 
arrive at about the same peak of sever- 
ity, but at slightly different times. As 
ean be shown by the citation of single 
examples and by charting the blood pie- 
ture, the symptoms follow closely the 
changes in the blood. 

In men who do not seem particularly 
susceptible at first to the effects of 
tetrachlorethane fumes, there is devel- 
oped a certain amount of tolerance to the 
substance. This tolerance is evident 
symptomatically, and its degree is per. 
haps best measured by the appearance 
of the blood, which often contains as 
high as 30 to 40 per cent. of large mono- 
nuclear cells. With this high percentage 
of large mononuclears there neverthe- 
less seem to be no severe symptoms and 
rarely any jaundice. There are occa- 
sionally complaints of tired feeling, and 
much more often of gastric symptoms, 
such as lack of appetite and a slight feel 
ing of nausea, with possibly a slight 
headache. At times these symptoms 
progress to a point which necessitates a 
vacation from work for three days to a 
week; at other times they seem to sub- 
side of themselves, when a decrease in 
the blood count occurs. 

The practice of allowing the mono- 


159 





in ty RE GF RE ORS TP i ETE I TE Be GRU ES Ae, 5 OP OnE © a Ss ee 


Se beri 


ee ee OE Se Be ot PORE ORR eh MO TS eS 








re ee 




















SE 


— 





Med . -catB 








ee 


a re ey 


2 ee 


ke ee 


<= we 


ee eS ea 


Se 





| 


ee 


ta 





eont Ts & 


‘ 
¢ 

te 
Pe 
| 
r 
4 
c 
4 
a. 


E. 


ite“ ere 


am tlie 


fa: 


— 
=e 


«d 


as see ee 


160 THE JOURNAL OF INDUSTRIAL HYGIENE 


nuclear count to reach such a height 
even without symptoms is not one to 
be encouraged; on one occasion whieh 
| reeall, however, it was reached rather 
suddenly as the result of using a new 
substance in the solution, which made 
the tetrachlorethane volatilize more 
easily and gave greater density to the 
fumes. This produced in- 
creased and more rapid absorption of 


substance 


the fumes by the men, and its use had to 
be abandoned on this account. 


SYMPTOMS 


STOM, NERY. 


GENERAL DATE 


lixplanation of the aecompanying dia- 
erams Will show in detail the method of 
charting the blood picture in conjune- 
The 
reproduced 
may be useful for similar tvpes of indus- 
trial work. 


tion with the record of symptoms. 
sample record whieh is 
The record form has on one 
record ot the blood 
The 


other side has half the space devoted to 


side a self-evident 
picture on various dates (ig. 1). 


a general physical examination record 
(Iie. 2) and the other half left blank to 
be used for the chart, a sample ot which 
is reproduced in Figure 3. 

In actual practice the symptoms are 
recorded on the form on the date that 
each blood smear is taken, and at the 
same time the blood picture for that date 
Is plotted on the chart. For the purposes 
of this work the important items of the 
differential count are the percentages 
of polyvmorphonuclear leukocytes, of 
large mononuclears, or endothelial cells 
as some of us now consider them, and of 
broken cells. A high mononuclear count 

that is, 20 per cent. or over, varying 
with the usually 


individual tolerance 


indicates poisoning. A large number ot 


broken cells mononuclear 


cells 


eenerally 


seems to indicate rapid progres: 


sion of poisoning. The leukocyte cow 
is useful for comparison with the mon 
nuclear count. Symptoms of poisonin 
usually begin as the lines of these thr 
counts approach each other; when the 
cross, actual illness occurs and absen 
from work is necessary. <A very sudden 
rise and fall in the count generally 
means a sudden heavy dose of fumes. 
but no absence from work and only trai 
sient malaise of a few hours’ duratioi 
In Figure 3 the smear charted on Fel) 


SMEAR 


re L. LMN kK. M. BROKEN PLATES Wi 


FIGURE 2 


Individual Record 


Name Address 
Age M. W. S. D. 


Dependents Workers 


Occupational I1ist. Lived in 
Previous Jobs 
Began work 


Present Job Transfers 


Family IH1ist. 


Personal IList. 
Gen, Dev't. 


it. We. Eves KR. L. 
Glasses 
Throat Kars Nose 
Hleart Rate Size Murs. 
B. FF. 
Lungs Abd. 
G. U, Neurolog. 


LU rine Positive Findings 


Date 


ruary 14, 1922, represents the picture 0 
beginning poisoning in which the bloo: 
showed 32 per cent. polymorphonuclea 
leukoeytes, 47 per cent. large monon 
clear cells, 5 per cent. lymphocytes, 


y YT 
ca a 


sept., L! 








oO Se 


cent. mast cells, and 19 per cent. 
ken cells. This picture is accom- 
nied by mild symptoms, such as ner- 
isness, lack of sleep, distaste for food, 
da slight noontime feeling of nausea, 
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hic. 83.—Blood chart. Abscissas=dates on which 
smears were taken. Ordinates=percentage. 


together with general malaise. ‘The 
smear charted on April 7, 1922, repre- 
ents marked poisoning. At this time 
vomiting was noted in addition to the 
foregoing symptoms, and a week’s ab- 
sence from work was necessary. The 
previous high blood count was remedied 

three days. The smear charted on 
\lay 9, 1922, represents a blood. picture 
vhich was accompanied by no symp- 
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toms. ‘The picture was deemed suffi- 
ciently serious, however, to warrant ex- 
cusing the individual from work for two 
days, after which, as will be seen from 
the chart, the blood gradually returned 
to normal. 


SUMMARY AND CONCLUSIONS 


1. A consideration of the blood of 
persons exposed to tetrachlorethane 
fumes, and the interpretation of the 
blood picture are of the utmost impor- 
tance, and serve in nearly all cases not 
only to determine susceptibility to the 
fumes of tetrachlorethane, but also to 
prevent poisoning and, to a great extent, 
malaise which results in depreciated in- 
dustrial efficiency. 

2. Aside from one or two easily ree- 
ognized types of exceptions, the blood 
picture and the symptoms, which in the 
early stages are almost wholly gastric 
and general, follow nearly parallel lines. 

3. These observations, together with 
the original conclusions in regard to the 
use of tetrachlorethane, seem to empha- 
size anew the entire feasibility of em- 
ploying the substance commercially, pro- 
vided that proper precautions are taken 
and that use is made of the present avail- 
able medical knowledge on the subject. 
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PRECIPITATION FOR QUANTITATIVE 
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I. Iwrropuction 


N a previous article (1) the writers 

discussed various methods which 
have been proposed for determining at- 
mospherie particulate matter, and de- 
scribed a new apparatus for determin- 
ing dust as well as a method of ealibra- 
tion. Gibbs’ (2) classification was sug- 
vested as offering a convenient and uni 
versally applicable method for distin- 
oulshing atmospheric particulate matter 
in terms of particle size. According to 
this classification, which divides particu- 
late matter into three general types, 
dusts comprise solid matter made up of 
particles greater than 10 microns, clouds 
cover the range of 10 microns to U.1 
micron, and smokes comprise the small 
est particles, 0.1 to 0.001 micron. The 
new dust apparatus described in the 
previous article (1) is admittedly ineti 
cient against the smaller particles co\ 
ered in Gibbs’ second class, clouds (0! 
fumes), while its use against the thu 
class, smokes, is out of the question. 

Many problems in hygiene and pub! 
health require accurate determination 
of clouds (or fumes) and smokes, but 1 
to the present time no satisfactor 








‘hod, which is at all universal and at 

. same time accurate, has been devel- 

ed. Our dust apparatus (1) is best 

‘ted to Gibbs’ first class and to part 

his second. The apparatus with 
jich this paper is concerned is intend- 
more particularly for the remainder 
his second elass and for his third, 
oueh it ean also be used for the deter- 
nation of dust. 

IJleetrie precipitation offers a method 

hereby both microscopic and chemical 
analyses can be carried out on the same 
sample precipitated dry on a thin trans- 
parent sheet of a substance such as cellu- 
loid. So far as we are aware, no method 
exists at the present time which will aec- 
complish this double and, we feel, highly 
desirable purpose. Furthermore, pho- 
tomicrographie studies of precipitated 
samples indicate that by means of this 
procedure the sample may be placed in 
the field of the microscope in the same 
state of dispersion or flocculation in 
which it existed in the air prior to pre- 
cipitation. It is unnecessary to wet the 
sample with water or any other medium 
before examining it under the micro- 
SCOPe. 

The fundamentals of the method and 
of the apparatus that we propose are by 
no means new. The fact that the gen- 
eral principles have not been used in the 
past appears to be due to an impression 
that the apparatus is complicated and 
dangerous because of the high voltages, 

at itis too cumbersome to be portable, 

d finally that it is too expensive. It 

i1oped that this paper will help toward 

spelling sueh ideas which, as is evi- 
[rom the literature in this field of 
carch, still exist. 

ur chief objection to past methods 

electric precipitation is that they 

with one exception, required the 
of rectified or unidirectional high 
ion current. Unquestionably, quan- 
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titative precipitation at high efficiency 
‘an be effected by means of rectified eur- 
rent regardless of whether the rectifiea- 
tion is obtained by mechanical means or 
by a rectifying valve such as the keno- 
tron. The use of a rectifying device 
complicates the apparatus and adds to 
its cost. For a small seale portable or 
permanent laboratory outfit we are not 
convineed that complete rectification is 
necessary. In fact, it appears probable 
that better results may be obtained 
without either a mechanical rectifier or 
a kenotron in the eireuit. This article 
presents an account of the development 
of a small electric preeipitator, together 
with a detailed consideration of the dit- 
ficulties which may be encountered in its 
use. 


Ll. ‘’HeroreticaL Aspects of MWLECTRIC 
PRECIPITATION 


The development of the widely used 
Cottrell process has been deseribed in 
both its theoretical and its historical 
aspects by a large number of writers. 
The aecounts of the early experiments 
of Lodge (3) (4) and more particularly 
of Cottrell (5) contain sufficiently com- 
plete bibliographies. These can be sup- 
plemented with the more recent bibliog- 
raphies of those concerned with the con- 
struction or operation of Cottrell 


plants (6). 


he The Flocculating Action of Alter- 
nating Current 

Lodge refers to an experiment per- 
formed by Hohfield, in 1824, which illus- 
trates the action of high tension alter- 
nating current in clearing up smoke in 
a confined space. A glass bottle is filled 
with smoke such as that from a cigarette 
or, better, with a white fume like ammo 
nium chloride. The high tension leads 
from a transformer are allowed to hang 
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in the bottle through two holes in a rub- 
ber stopper, and when the current is 
turned on the smoke quickly clears up. 
The wires must be sufficiently distant 
from each other to avoid the passage of 
a disruptive discharge. The resultant 
clearing of the smoke appears to be due 
to at least two causes: (a) the ionizing 
effect of the corona discharge from the 
two wires; and (b) the action of the elec- 
tric wind which can be made violent 
enough to blow some of the smoke out 
of the top of the bottle. Deposits on the 
walls of the container form curious pat- 
terns such as may be obtained with iron 
filings subjected to a magnetic field. The 
particles are obviously floeeulated. The 
two wires, on the other hand, are covered 
with the deposit in about equal amounts 
and show no evidences of flocculation. 
It seems probable, therefore, that the 
deposit on the wires is due to precipita- 
tion, while that on the bottle more truly 
represents flocculation caused by the 
electric wind and by the alternating 
character of the ionie discharge from the 
Wires. 


2. The Cottrell Process 
The Cottrell utilizes wuni- 
directional current rather than alternat- 
ing current. It is explained by Cottrell 
(2) somewhat as follows. 


process 


If a unidiree- 
tional current at high potential is ap- 
plied between a point and a plate, placed 
near enough together to allow the 
static discharges but far 
enough apart to prevent sparking, the 
intervening alr takes a charge of the 
same sign as the point. Cottrell found 
it more effective to make the point the 
negative and the plate the positive elee- 
trode. A later development showed that 
the same result was achieved by using a 
wire, centrally located in a metal pipe, 


passage ot 


as the negative and the pipe as the posi- 


tive terminal. for our purposes a con- 


sideration of this latter type only 
necessary. 

If smoke or other fine particles aye 
present in the space between the wir 
and pipe, they will act as carriers of the 
electrons produced by the corona or 
ionic discharge from the wire, and wil] 
be driven, probably largely by the force 
of the electric wind, to the pipe where 
they are deposited. In Cottrell plants 
the pipe is always grounded, presumably 
for satety. It is stated by many other 
writers that the best results are ob- 
tained when the wire is made the nega- 
tive pole. Nesbit (7) gives the relative 
precipitating efficiencies of negative, 
positive, and alternating current coronas 
as 9) to 98 per cent., 70 to 80 per cent., 
and 50 per cent., respectively. Tolman 
and Karrer’s (8) photographic evidence 
seems to support the contention that the 
negative corona exerts the greatest pre- 
cipitating force. Formulae given by 
Strong (9) and Saget (10) show that the 
intensity of the static field is a function 
of the logarithm of the ratio of the radii 
of the two electrodes. Since the radius 
of the wire or precipitating electrode oc- 
curs as the denominator and the collect- 
ine electrode as the numerator in this 
fraction, the intensity of the electrostatic 
field can be greatly altered by changing 
the size of the precipitating electroce. 
For small precipitators of the type in 
which we are interested it is advisable 10 
use fine wires. <A slight change in 
size of the wire exerts a marked efi 
on the capacity of the precipitator, Ww! 

a slight change in the diameter of 
collecting electrode, on the other hi: 
has little effect on the intensity ot 


- 


CL 








field and, therefore, on the precipita' 
capacity of the apparatus. 

Whether rectification is obtained by 4 
mechanical rectifier or by a valve, 
net result is much the same (11) (J 
Both devices, with somewhat differ 
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vidual characteristics, pick off or 
ify the upper or positive half of the 
‘age and current curves, and deliver 
. rectified current to the precipitator. 
ther device utilizes the lower or nega- 
half of the current or voltage 
rves. One of the most important and 
ensive features of large Cottrell 
nts is the rectifying equipment, which 
isually of the mechanical type. For 
all laboratory units it has’ been 
wn by Tolman, Reyerson, Brooks, 
nd Smyth (18) that the kenotron gives 
‘tisfactory rectification, and that quan- 


titative precipitation of materials such 
1s tobaeco or other smokes can be ob- 
tained with their precipitator. Bill (14) 


ised a mechanical rectifier in designing 


1 small laboratory unit, but the keno- 


iron, as used by Tolman, unquestiona- 
bly gives amore satisfactory method for 
small units. Both methods, however, 


add to the complication of the appara- 


tus, While the kenotron adds materially 
to its expense. 


Lamb, Wendt, and Wilson’s 
Precipitator 


it was shown by Lamb, Wendt, and 
Wilson (15) that 100 per cent. precipita- 
tion of ammonium chloride fume could 
ve obtained without the use of either a 
notron or a mechanical rectifier. It is 
sufficient to use a fine wire for the pre- 
pitating electrode, and a glass tube for 
collecting electrode. The glass tube 
Vrapped with a fine wire mesh or 
‘al foil, and the two terminals of a 
rce of high tension current are then 
nected to the foil and to the central 
Lamb, Wendt, and Wilson (15) 

da storage battery and induction 
as the source of high tension ecur- 

'. Our method is essentially the same, 
pting that we use larger glass 

‘S with greater dielectric strength, 


while the source of high tension current 
is a transformer which varies in size ac- 
cording to the size and the character of 
the sample to be taken. (The construce- 
tional details are given elsewhere in 
this paper. ) 

Shibusawa and Niwa (16), in 1920, 
published a paper which has been very 
useful to usin this work. Their appara- 
tus, as well as the voltages used by 
them, is not unlike ours. We use a glass 
collecting electrode and a metal precipi- 
tating electrode. ‘Their precipitator is 
similar, except that they cover their ex- 
perimental precipitating electrode with 
glass and thus obviate a number of prac- 
tical difficulties which we also have en- 
countered. ‘hey use a kenotron, how- 
ever, to obtain rectification, and do not 
appear to have carried out any exper'i- 
ments on precipitation without such 
rectification, although they give oscillo- 
grams taken without a kenotron in the 
circuit. 

We have taken no oscillograms with 
our apparatus. With their induction 
coil, Lamb, Wendt, and Wilson suggest- 
ed that the dielectric strength of the 
class was sufficient to cut out the lower 
or negative part of the current and vol- 
tage waves and to let through only the 
peak or positive portion. It is probable 
that, with a transformer and a 60-cycle 
current, oscillograms for our apparatus 
would be much like those of Shibusawa 
and Niwa when no kenotron was used. 
Their curves show that the dielectric 
streneth of glass is insufficient to pro- 
duce complete rectification. Since our 
precipitating efficiencies without a keno- 
tron, as evidenced by our experimental 
results, are as high as those attained by 
Tolman, Reyerson, Brooks, and Smyth 
(13) and by Shibusawa and Niwa (16) 
with a kenotron, we conclude that it is 
not essential to use unidirectional cur- 
rent. 
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[ll]. Pracrican Aspects or ELeEecrric 
PRECIPITATION 
l. Lhe Overloading of Electric 


Precipitators 


A smoke particle passing through a 
high tension precipitator is subjected 
to at least two distinet forees: (a) the 


foree of the air stream carrying it along 


the tube; and (b) the force of precipi- 
tation tending to drive it at right angles 
toward the walls of the tube. Actually, 
the torce of precipitation begins before 
the particle reaches either of the elee- 
trodes, since the eleetrie wind and the 
foree of ionization from the corona dis- 
charge of the precipitating electrode are 
active in all directions. Let us assume, 
tor the moment, that the electrostatic 
field begins at the point where a hori- 
zontal plane through the precipitator 
tube would just cut the beginning of 
Then, if the intensity 
of the electric field is great and the air 
speed is low, the smoke particle will hit 


both eleetrodes. 


the collecting electrode at a point near 
the bottom or beginning of the elee- 
trodes. The distance which the parti- 
cle travels before precipitating will in- 
dicate the relative streneth of the field 


When the field 


intensity is too low or the air velocity 


and ot the air velocity. 


too great, the particle may pass out 
If, on the other 
hand, the intensity is increased or the 
air velocity reduced, the particle will 


without precipitation. 


precipitate in the tube. 

Suppose, now, that the number of 
particles are increased, but that the pre- 
cipitator is run at a field intensity and 
an air speed adequate for precipitating 
but one particle. It is reasonable to as- 
sume that, if the electrostatic force does 
not keep pace with the number of parti- 
cles, some of the particles will pass 
through without precipitating. If, how- 
ever, the field intensity Is iInereased or 


the air speed reduced, it should be p. 
sible again to effect complete precipit: 
tion. 

Together with field intensity, ai 
velocity, and the number of particle. 
the effect of particle size should be co) 
sidered. It has been shown by Tolman. 
Vliet, Peiree, and Dougherty (17) tha: 
there are limits to the optical intensity 
of Tyndall beams produced in such at 
mospheres as tobacco or other smokes. 
They account for this in terms of parti 
cle flocculation. Any foree, such as wind, 
which drives the particles about and in 
creases their chances of colliding with 
one another or with the walls ot the con 
taining vessel, will increase the rate of 
flocculation. If the smoke stream is 
made too dense, the particles will collide 
without being subjected to other forces, 
and will thus decrease their degree of 
dispersion as well as their number. Ob- 
viously it is possible to make a much 
denser cloud of smoke than of fine silica 
particles, as the latter are many times 
ereater in size and will collide with 
ereater readiness. If precipitating ca- 
pacity, therefore, is governed by the 
number of particles rather than by their 
weight, it should be easier to overload 
precipitators with a stream of tobacco 
smoke than with silica dust. This is 
precisely what happens in the small 
units such as we are using. Discussions 
of large Cottrell plants indicate that one 
substance is occasionally found to be 
more difficult to precipitate than anoth 
er, but we have discovered no attemp' 
to show this in terms of smokes or other 
substances made up of particles of de 
termined size. Occasionally there ar 
references to the need of humidificatio 
in order to precipitate fumes such 2 
zine oxide. It can be shown in thi 
laboratory that this promotes partic 
flocculation and, therefore, that a hu 
midified fume is made up of less 1 
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idual and diserete particles than is 
iry fume. If our explanation is cor- 
‘, the humidified fume should be the 
ier to precipitate, although the col- 
‘ed products represented by the two 
thods might well be of lke weights 
en considered on the dry basis. 
To sum up, then, the factors to be con- 
lered in overloading are (a) electro- 
atic field intensity, (b) air velocity, 
and (c) particle number. Factors of less 
portance but not to be overlooked are 
/) the radu of the electrodes, (e) the 
eneth of the electrodes, and (f) the 
thickness, density and dielectric strength 
of the walls of the glass collecting elec- 


trode. 


2». The Production of Smoke, Fume, 
and Dust Streams 

Three substanees which are believed 
to be fairly representative of particulate 
matter of both hygienic and industrial 
significance were selected for calibra- 
tion purposes. ‘Tobacco smoke was 
made by burning sticks of the composi- 
tion deseribed by the Bureau of Mines 
(18) and also by burning cigarettes ; am- 
monium ehloride fume was produced by 
the arrangement shown in Figure 1; 
and silica dust by that shown in Figure 
2, the essentials of which were copied 
‘rom the Bureau of Mines. Wells and 
Gerke (19) found that tobacco smoke, 
produced by burning these special sticks, 
consists of very uniform particles with 
1 average diameter of 0.27 micron. 
‘‘igarette smoke is probably comparable 
far as particle size is concerned, but 
shows less uniformity. The tobacco 
noke particles are unquestionably 
ich smaller than those from ammoni- 

1 chloride fume of which the average 
ameter is about 1 micron or less (20), 
pending on the method by which the 
ine is formed. An average diameter 
» tod microns was ecaleulated for 250 


precipitated silica particles. 

In the case of all three substances, it 
is best to filter the streams before they 
enter the precipitator. This increases 
uniformity and eliminates big particles 
and floceculates. ‘Tobacco smoke should 
also be passed through a suitable drying 
reagent before it reaches the precipita- 
tor. Otherwise a considerable amount 
of condensed moisture is precipitated. 
Drying serves to reduce the amount of 
moisture but, in our work, does not 
totally eliminate it. An ammonium 
chloride fume generator of the type 
shown is preferable to one having am- 
monia and hydrochloric acid bottles in 
series. The latter is apt to clog and 
tends to give a preponderance of floccu- 
lates, which soon stop up the cotton 
filter. For producing uniform silica 
dust streams, the settling funnel and 
filter permit the use of undried air and 
silica. Without using both devices, how- 
ever, it was impossible to produce uni- 
form streams with undried air. 

Tobaeco smoke is intended to repre- 
sent such smokes as rosin, oil, ete. Am- 
monium chloride fume seems compar- 
able to the metal oxide fumes produced 
in metallurgical processes which involve 
heating the molten metal in an oxidizing 
atmosphere to a point at which appre- 
ciable vaporization and subsequent oxi- 
dation result. Silica dust represents 
fine dusts produced by processes involv- 
ing erushing, grinding, and drilling op- 
erations, and of the three types it is the 
only one which readily settles out of still 
air such as is found in a closed room. 

All three of these methods permitted 
variation of (a) the electrostatic field 
intensity, (b) the air velocity, or (¢) the 
concentration, either independently or 
in any desired combination. As has al- 
ready been pointed out, these three fac- 
tors are the important ones to be consid- 
ered in overloading the precipitator. 
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hig. 1l-—-Apparatus for calibrating electric precipitators showing ammonium chloride fume gen 


erator, electric precipitator, and Tyndall box, 


The less important factors, (d) the 
diameter of the eleetrodes, (e) the 
length of the electrodes, and (f) the 
thickness of the walls of the glass col- 
leetine eleetrode, were determined by 
trial. 


do. The Kfficiency Calibration of Elec- 


trie Pre cipitators 


a Lhe Tyndall Light Beam for 
Matching Smoke Streams.—lt has fre- 
quently been shown that the ‘Tyndall 
light beam ean be used as a delicate 
means of detecting the presence ot 
smoke or other fine particles in a gas- 
eous or liquid medium. A neat and sim- 
ple application of T'yndall’s principle 
was worked out by the Chemical War- 
fare Service (21) and has been improved 
by the Bureau of Mines (18), notably 
by the addition of Oberfell and Mase’s 
(22) ingenious device for insuring the 
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delivery of constant amounts of air or 
other gases. As the apparatus has been 
very fully deseribed and illustrated with 
detailed drawings, it is unnecessary to 
go over the ground again. It is sufficient 
to say that the method is based upon the 
comparison of the intensity of a Tyn- 
dall light beam, from the exhaust side of 
the filtration device under test, with a 
like beam made by diluting the smoke, 
fume, or dust (before filtration) with 
known amounts of filtered air. By 
using the regulating device to secure 
constant air flows of the unfiltered 
smoke, a definite and constant volui 
of smoky air is assured, and the qua 
tity of smoke-free air used to dilute 1 
unfiltered smoke stream will not aff 
this constant stream. By calibrating 
percentage the flow meter, throu 
which the pure air passes before meeti 
the unfiltered smoke stream, the opti 
filtration efficiency can be read direct! 
J 
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ere are limits, however, to the sensi- 
ity of the apparatus—limits which 
ve been placed by the Bureau of 
‘nes as beginning at about 98 per cent. 
is method is also of doubtful value in 
‘ecting differences as low as 2 per 
at.. no matter which way the range 
ay be. Obviously, if the filtration de- 
ee under test is efficient enough to 
nder the stream of smoke invisible, the 
ethod cannot be applied, since there 
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Kicg. 2.—NSilica dust cloud producer. 


are no streams to compare. Electric 


precipitators can easily be made to work 


at an efficiency of over 98 per cent. with 


We were | obliged, 


therefore, to increase the sensitivity of 
the Tyndall test although the Bureau of 


Mines has left little room for improve- 
Clit. 
‘igure 1 shows our modification of 
e ‘Tyndall box. In place of a low vol- 
re, 40-candle-power lamp, we use a 
irbon are lamp and foeus the light by 
ans of a lens to a thin beam, which 
‘ses into a compartment lined with 
vet and then out into the room by 
of a 4-inch brass pipe coated dead 
ck on the inside with lamp smoke. 
vet is thrown over the pipe at the 
ut where it meets the box in order to 
p out the hight. The stream from the 


precipitator passes into the box at right 
angles to the beam from the carbon are, 
and crosses the latter in a beam about 
2mm. wide. At the point of crossing, 
the carbon are beam is about 5 mm. wide. 
When smoke is present, the stream is 
visible for a distance of about 11% em., 
the most intense light being at the point 
where the two beams cross. 

As this method does not give percent- 
age readings, there is no use in meter- 
ing the amount of air flowing through 
the Tyndall box. We used the Bureau 
of Mines equipment, therefore, merely 
to determine our optical sensitivities, 
and then simplified the apparatus to that 
shown in Figure 1. The box must be 
exhausted, though not too forcibly, by a 
suitable pump, and when the precipi- 
tator begins to work properly the pump 
may be discontinued. 

With the intense ight obtained from 
a carbon are lamp, it was found impos- 
sible to obtain a dead black region in the 
box if the smoke nozzle pointed toward 
the souree of heht. The nozzle always 
reflected light, and there seemed no way 
to avoid this unless the two beams were 
made to cross. When this is done, the 
point of the nozzle can be placed close to 
the main beam and yet be barely visible 
until smoke appears in the stream from 
the precipitator. Unless most elaborate 
precautions are taken in the laboratory, 
there will always be a very slight but 
visible beam from the carbon are lamp. 

3v using a stream from the precipitator 
of 4 to 5 liters per minute we obtain a 
definite, sharp black line cutting across 
the are beam. Slight and immeasurable 
traces of smoke will cause the sharp defi- 
nition of the black line to disappear at a 
point distinetly hetore the presence ot 
smoke can be identified with certainty. 
The sharp black line was used in all de- 


terminations of precipitator capacities. 
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It is reasonable to assume that this gives 
a detection test which is very close to 
LOO per cent. It is best, however, to run 
the precipitators with a decided margin 
of safety, and so we normally allow an 
air speed about 10 per cent. lower than 
is necessary, in order to avoid a visible 
stream crossing the main are beam. 


b. The Distribution of the Collected 
Precipitate-—Tolman and his associates 
(13) have deseribed a simpler test tor 
overloading in both field and laboratory 
work. ‘They collected their precipitates 
on thin aluminium foils, while we use 
celluloid. In either case, if precipita- 
been efficient it will show a 
fairly definite line at the beginning, 
then 2 or 3 inches collected at maximum 


tion has 


intensity, followed by a gradual taper- 
ine off until no traces are visible even 
under the microscope (see Figure 6). 
Since the foil does not extend the full 
length of the precipitating electrode, 
there may be shght but detectable pre- 
cipitation above the celluloid foil. This 
will appear as a thin film on the glass 
collecting electrode and usually on the 
capillary holding the precipitating elec- 
trode. The detection of overloading by 
alterations in the distribution of the 
precipitate allows, therefore, a reason- 
able factor of safety. The test is a little 
more sensitive than the Tyndall test, as 
we applied it, but not so convenient since 
the foil cannot be observed until the run 
Is over. 

is sufficient to stand 
by the precipitator tube and watch for 
the appearance of a precipitate above 
the aluminium foil which is wrapped 
around the glass electrode. 


In field work it 


[If a precip- 
itate is visible, it is safe to conelude that 
the run has been at less than maximum 
efficiency. 

[t is admitted that neither of these 
tests definitely proves that precipitation 
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has been complete. For either laboy 

tory or field work, however, we ha) 

found that errors from other source 

such as incomplete drying or ina 

curacies in weighing, are greater tha 

any possible error from assuming tha 
either of the two methods described 
shows 100 per cent. precipitation. 
Lamb, Wendt, and Wilson (15) and 
Shibusawa and Niwa (16) used am 
monium chloride in calibrating their 
precipitators. The first group deter. 
mined their efficiencies on the basis o! 
the ammonia content of the entering 
aud escape air, while the latter group 
determined the chloride content in like 
samples. Both methods presuppose 
that the hydrochloric acid and ammonia 
gases unite to form ammonium chloride 
and leave no free acid or alkali. Since 
ammonium chloride is a weak com 
pound and readily dissociates, it is im- 
probable that the reaction goes to com- 
pletion unless a substantial excess of 
one of the two reagents is present. In 
other words,’ the escape gas may show 
the presence of both free hydrochloric 
acid and ammonia. While’ Lamb, 
Wendt, and Wilson obtained 100 per 
cent. recoveries, Shibusawa and Niwa’s 
curves always show less than 100 per 
cent. Failure to obtain 100 per cent. 
formation of ammonium chloride fume 
may possibly account for this. 

By using the light beam method and 
the distribution of the precipitate, we 
avoid this diffeulty with our apparatus. 
We do not, however, avoid the possibi! 
ity of the dissociating action of tl 
corona discharge from the precipitatil: 
electrode. At the comparatively lo) 
voltages at which our experiments ha\ 
been made it seems improbable that tl. 
factor is of importance. In any ease, tli 
dissociating action of the corona ne‘ 
not be considered in the case of dust: 
and probably not in the ease of tobac 
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ke. We obtained no evidence that 
cipitated ammonium chloride was 
ected by the corona. 


DISCUSSION OF CONSTRUCTIONAL 
DETAILS AND OPERATION OF THE 
KEiecrric PRECIPITATOR 


Transformer and Electrical Con- 
nections 

or a portable apparatus it is essen- 
‘al that the transformer be as light as 
ossible. We use two types, one rated 

10,000 volts and weighing 30 pounds, 
ud the other a more powerful one rated 

20,000 to 25,000 volts and weighing 
\() pounds. In either case the transform- 
vy has sufficient internal resistance to 
permit connecting it directly into a 
standard alternating current lighting 
cireult. If alternating current is not 
available, a small converter is used to 
supply alternating current at 79 volts. 
[t is advisable to make both transtorm- 
ers for 60 cycle current, the usual type 
met in industrial work. Since a current 
of 75 to 220 volts may have to be used, 
the transformers may be wound for 
current at 75, 110, and 220 volts. 

Any suitable rheostat may be used in 
ihe primary cireuit and should always 
he available as it furnishes the most 
satisfactory method of controlling the 
clectrostatie field intensity. Low am- 
perage fuses may be added on the 
primary side as a protection for the 
‘ranstormer. A switch of any conven- 
eut type should be placed in the primary 

rcuit. Single-throw, exposed switches 

advisable in order that the operator 
know when the circuit is open and 
sed, 


ne high tension or secondary lead is 
iected to the precipitating electrode, 

the other to the aluminium foil 
pped around the glass collecting 
trode. It is probably better to 
ind the latter for the protection of 


the apparatus, but grounding seems to 
have no effect on the operation of the 
precipitator. Both high tension leads 
should be kept dry and well insulated 
in order to cut down surface leakage. 
Such insulation is not a safe protection 
against electric shocks, and consequently 
the leads and the precipitator should 
never be touched unless the switch is 
open. It is advisable to enclose the 
transformer in a watertight wooden or 
hard rubber box. The larger trans. 
former should be immersed in oil. All 
such transformers usually have a safety 
spark gap on the apparatus and it is, 
therefore, unnecessary to place another 
in the cireuit. An approximation of the 
secondary voltage can be obtained from 
the primary voltage and the winding 
ratio. This is not required, however, in 
field work. 


2. Air Flow Meter 

It is usually more convenient in the 
laboratory to blow the material to be 
precipitated through the precipitator, 
and then to measure the volume with a 
flow meter. For field work, however, 
the air must be drawn through; for this 
purpose we are at present using a small 
high speed universal sewing machine 
motor which drives a fan with a capacity 
of about 65 liters per minute at full 
speed, and is equipped with a rheostat 
for controlling the air flow. Any acecn- 
rate low resistance flow meter serves to 
measure the air passing out of the pre- 
cipitator. We prefer an orifice meter 
of the type described for use with dust 
collectors (1), though we have used glass 
flow meters of the type shown in Figure 
1. The resistance of the precipitator to 
air flow is very slight. Positive pressure 
fans, therefore, are unnecessary and the 
fan and motor can be made light. Ours 
weighs 5 pounds, and could doubtless be 
made lighter if desired. 
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[It makes no difference in the operation 
of the precipitator if the tube is turned 
upside-down or on its side. For the sake 
of uniformity we run the precipitator 
with air entering at the bottom. 


3. The Collecting Electrode 

Pyrex glass is the most suitable sub- 
stance that we have tound for the col- 
lecting electrode. Soft glass tubes are 
more fragile and too easily punctured 
at high voltages; while clear quartz 
tubes, which, it has been suggested, 
would probably be still better, are too 
expensive. Other substances with com- 
parable dielectric strengths could doubt- 
less be used but, for our purposes, Pyrex 
elass is satisfactory. The constructional 
details of other types of tubes are given 
in Figures 3B, Cy, and WD. 

The optimum thickness and diameter 
of the glass tube have not been definitely 
determined. <As long as the walls of the 
tube are thick enough to prevent pune- 
turing by disruptive sparks, a slight dif- 
ference in their thickness causes no ap- 
preciable alteration in the capacity of 
the preeipitator. For some reason, how- 
ever, thin tubes appear to have a greater 
tendency to heat up than do thick ones, 
and this is an objection when cellulord 
foils are used. We have never had Py- 
rex tubes with 2 mm. walls rise above 
comfortable hand heat in the course of a 
twentv-minute run with approximately 
18,000 volts on the transformer. 

Lamb and his associates used a wire 
mesh around their precipitator tube. 
While our precipitators work well with 
wire mesh, we prefer aluminium or tin 
foil, and strap it as tightly as possible 
to the glass with friction tape. Precip- 
itation ean be effected in a slight degree 
if only a single loop of wire passes 
around the glass tube. The best results 
are obtained when the tube is wrapped 
tightly with a good conductor, though it 


appears to matter little what this co 
ductor is. 


4. The Precipitating Electrode 

Tolman (138) and Bill (14) require: 
their precipitating electrode to be sup- 

ported at both ends. If one of these 
two supports can be omitted, it is they 
possible to withdraw the electrode wit): 
out danger of touching the precipitate. 
If the precipitate is to be collected on a 
celluloid foil, the foil ean be withdrawn 
first without disturbing the slight pre 
cipitate on the collecting electrode. Our 
standard tube (Figure 3A) is used with 
the precipitating electrodes supported 
at the upper end only. The precipitat- 
ing electrode is of stiff steel and is 0.03 
inch thick. Though thinner electrodes 
vive a more intense electric field and. 
consequently, greater capacity to the 
precipitator, they are supple and render 
central alignment impossible. While 
lack of perfect alignment will not neces- 
sarily induce sparking, the intensity of 
the discharge is reduced by its loealiza 
tion at the point where the wire ap 
proaches the tube, and thus the precipi- 
tating capacity of the tube is reduced. 
The factor of safety in precipitation is 
ereat enough, however, to permit the use 
of thin rods supported at only one end, 
and still to allow complete precipitation. 
With such rods perfect central alig) 
ment is never obtained. 

The rod is supported at the top 
the tube by inserting it through a gla: 
capillary (soft glass can be used), ben: 
ing it over at the top, and plugging | 
capillary hole with a substance such 
plasticine. ‘Tolman used paraffin, whi 
serves Just as well. Rubber stoppers a! 
used to support the glass capillary a 
to plug the hole at the top of the tu) 
When powerful transformers are use 
considerable amounts of ozone are pr 
duced which attack the rubber stoppe 
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| cause them to deteriorate rapidly. 
ere is no reason why a metal holder 
place of a rubber stopper cannot be 
ed for the precipitating electrode. 















































radius. We have tried both Tolman’s 
and Lamb’s methods and have found a 
slight increase in precipitating capacity 
but not enough to warrant their use. 
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hic. 3.—A, standard tube for microscopic and 


$d 





gravimetric sampling. B, tube for smoke deter 


nation. C, tube in which precipitate is recovered by washing out tube. With celluloid foil, tube can 


used for photomicrography. ID. tube for fumes. 


lolman, Lamb, and the Bureau of 
nes, all recommend a precipitating 
cetrode bristling with points. Tol- 
in’s electrode was made by threading 
ine platinum wire, while Lamb’s con- 
ted in twisting several adjacent wires 
ma fine mesh gauze so that the short 
SS Wires protruded radially and fur- 
hed a vast number of small sharp 
ckly points. The effective radius of 
electrode was then increased, and 
advantage gained in producing a 
re intense discharge through the use 
‘he points seemed to be about counter- 


aneed by the resultingly increased 


Washed out when inverted. 


). Controlling the Location of the 
Precipitate 

The point at which preeipitation be- 
eins in our apparatus can be controlled 
by adjusting the positions of the outer 
metal foil and of the inner electrode, 
particularly the latter. When celluloid 
foil is used inside the tube, it is best to 
have the foil cover the entire distance 
to the side outlet of the tube and to place 
the outer metal foil about 14% inches up 
from the bottom of the glass tube. The 
wire is then adjusted near enough so that 
the end of it can be seen in order to make 


adequate central alignment certain. 
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6. The Elimination of Disruptive 
Sparking 

An advantage of this apparatus over 
Lolman’s is the almost total elimination 
of disruptive sparking. In Tolman’s 
apparatus the secondary voltage is grad- 
ually stepped up to a point safely below 
that at which disruptive discharge oc- 
curs. Lamb points out that the use of 
glass tubes without a rectifier eliminates 
sparking, and that the tubes, therefore, 
do not require perfect centering of the 
precipitating electrode. ‘This is inereas- 
ingly true when greater voltages and 
more intense fields are used. It would 
be impossible to use material like cellu- 
loid in our tubes if serious sparking oe- 
eurred. ‘The only oceasions on which 
we liave been troubled by sparking were 
when thin glass tubes were employed 
or a tube in which there was a fine blow 
hole, air bubble, or other defect. 


iP Pi cipitation Oll thre Ci utral OT 
Pr cipitating Llectrode 


In descriptions of both large and small 
Cottrell plants there is usually some 
mention of slhght but definite precipita- 
tion on the precipitating electrode, and 
a statement to the effect that it can be 
greatly reduced by the use of intense 
eoronas. ‘This precipitation always oc- 
curs with our device, and the degree to 
which it occurs ean be controlled by the 
diameter ot the inner electrode. While 
it seems impossible to reduce it com- 
pletely, the smaller the radius of the 
inner electrode, the less the precipitate 
collected on it. This is probably due in 
the main to the greater intensity of the 
field when fine wires are used and not 
simply to the decreased surtace area of 
the tine as compared with the coarser 
wires. From the practical standpoint 
we admit that this precipitate is objec- 
tionable. Precipitation oceurs with such 
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force, however, that hight dry fluffy m 
terials, such as fine silica dust or a) 
monium chloride fume, adhere stron 
to both the wire and the foil. 


e) 
_ 
| - 


8. Special Tubes for Determinations 
Not Involving Microscopy 


Two types of tubes which are satis 
factory for fume and smoke determina. 
tions are shown in Figures 3B and 3C. 
It is possible to use celluloid foils with 
both, but the entire precipitate is not 
collected on the foil. With these two 
tubes the foil collection is best adapted 
to qualitative sampling tor photomi- 
crography; if the tubes are washed out 
after a run, however, they can be used 
for quantitative determinations as well. 
The tube shown in Figure 5D has been 
used frequently for determining am- 
monium chloride fume, which, when once 
precipitated, is very soluble in water al- 
though the freshly formed fume itselt 
will readily pass through water. It will 
be noticed that the precipitating elec- 
trode is centered by means of a glass 
ceross-piece with a hole in the middle. It 
might be expected that this would offer 
a short circuit for the static discharge, 
but no such effect has be2n noticed. The 
‘capacity of this tube is about, the same 
as that of the tube shown in Figure 5U. 
The tube in Figure 8C requires side 
arms for the air entrance long enoug' 
to prevent arcing around to the alu 
minium foil. Both tubes possess an a: 
vantage over the standard type show’ 
in Figure 3A, in that they permit t! 
use of fine wires for the precipitati 
electrode, since the latter can be pull 
tight by any convenient means and tin 
centered. As has already been state 
the capacity of the precipitators is | 
creased by using fine wires instead 
thicker stiff rods. Also, the fact th: 
tight wires do not shake from the effe 
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he statie discharges at high voltages 
nother advantage. Shaking brings 

loose end of the wire or rod nearer 

sides of the tube and seems to cut 
yn the field intensity, since the effec- 
.yadius of the tubes is then lessened. 
is phenomenon appears to be a repro- 
etion, on a small seale, of the static 
ges often mentioned in the literature 
Cottrell plants. 


9, The Celluloid Foil 
Celluloid is not used because of any 
yecitie electrical properties, but it is 
recommended simply because it is trans- 
parent, thin, and of the proper stiffness 
or springiness to fit snugly against the 
inside walls of the glass tube. - If it does 
not fit tightly, the precipitate tends to 
accumulate on the portions nearest the 
wire, and thus indicates that the effec- 
tive radius of the tube is reduced. This 
reduction is uneven and should, there- 
fore, be avoided. A disadvantage in the 
ise of celluloid is the low temperature 
at which it becomes plastic and then 
sticks to the tube. In drying precipi- 
tates for weighing purposes, this fea- 
iure necessitates the use of drying trains 
iistead of a constant temperature oven. 
The extreme inflammability .of the 
celluloid has not caused trouble. A foil 
tas been punetured occasionally when 
1c voltage was too high, but this can 
be avoided by watching the corona dis- 
uge at the top of the precipitating 
‘trode and, by means of the primary 
ostat, adjusting the secondary vol- 
to give safe field intensities. Punce- 
ig may oceur equally readily with 
inflammable foils such as viscose or 
lose acetate. If the precipitator 
be run at temperatures too high for 
loid, thin mica sheets may be used. 
are very fragile and difficult to 
ie, however, and are usually cov- 
with seratehes which interfere with 


photography and microscopy. The fact 
that mica possesses a high dielectric 
strength does not seem to cause difficul- 
ties. 

It is important to allow an extra 
length of foil (about 14% inches) at the 
lower entrance to the tube; otherwise, 
some of the precipitate will deposit on 
the glass. After a run it is sometimes 
necessary to pry the foil loose from the 
elass with a knife. It can then be 
slipped further up the tube and stoppers 
can be inserted at the tube entrance and 
at the outlet of the side arm. ‘Then, un- 
less the tube is rapped smartly, the pre- 
cipitate is not easily dislodged from 
either the foil or the wire. If handled 
with reasonable care, such tubes can be 
transported from the field to the labor- 
atory without spoiling the sample for 
microscopy. 

The celluloid foil which we have tound 
most satisfactory can be obtained as a 
standard product from the Celluloid 
Company, Newark, N. J. It is 0.003 inch 
thick, clear and sufficiently free trom 
surface defects, and inexpensive. 


10. The Effect of Varying the Size and 
Number of Electrodes 

a. The Length of the Electrodes.— 
One might expect that the capacity of a 
precipitator could be much increased by 
increasing the length of the electrodes 
and thereby allowing a longer time for a 
particle to be precipitated. Although it 
seems contrary to industrial practice, 
we obtain very little advantage from 
using long electrodes. Cottrell plants, 


which are working on solid as distin- 


ouished from liquid particulate matter, 
use collecting electrodes which are also 
conducting. When a run starts, the first 
precipitation occurs at the beginning of 
the electrodes, and if the precipitate is 
non-conducting it is possible that the 


maximum electrostatic field intensity 








ee 


























ee I ls — 








Or ae 
= 





OE AE et ee Fe ee! EE 





eS ES Se 


A  E __ 


ET 





ee ee es re + ee 





Ea) en en 


nen 


ee NE I ae 





oe i 


ey at OO 


Be 


Pros eee eh sere 


ard 


rs. 2 L “a 
inh stores 


a 


5b Bis i hy tes eS eS ES 


— Swes 


+ tee 


| 


4 


176 THE JOURNAL OF INDUSTRIAL HYGIENE 


gradually travels up the tube so that 
there is an advantage in length. Our 
collecting electrode is made of glass, 
which is a poor conductor, and for this 
reason it may be unwarranted to draw 
comparisons between industrial plants 
and our apparatus on this particular 
point. In any event, for small seale 
work there is no doubt that the slight 
advantage gained by using long elec- 
trodes is much more than offset by the 
increased difficulty in handling the pre- 
cipitate. It is best, therefore, to keep 
the electrodes as short as possible and 
to increase capacity by means of the 
primary rheostat. 

b. The Diameter of the Collecting 
Electrode.—There is little choice in the 
diameter of the collecting electrode in 
electric precipitators having rectifying 
equipment and metallic electrodes. It 
is necessary to make it large enough to 
avoid sparking across the air gap. Tol- 
man (15) and Bill (14) aecomplished 
this by placing a rheostat in the primary 
circuit, and thus controlled the field in- 
tensity. Lamb (15) pointed out that 
there was little tendeney to spark across 
the air gap in his small precipitator. 
Shibusawa and Niwa (16) confirmed 
this, but they used a kenotron in their 
small apparatus. Possibly Nesbit’s 
formula for field intensities—the for- 
mula involving the logarithmie ratio of 
the radit of the eleetrodes—does not 
hold with our apparatus which may have 
somewhat the effeet of a condenser as 
well as a rectifier. In any ease, the 
diameter of the preeipitator tubes ean 
be made small, and this increases eapac- 
ity. For example, we can obtain higher 
15,000 volts with %4-ineh 
tubes and fine wire than with 2-inech 
tubes. 


capacities at 


This is not true of metal elee- 
trodes, however, since a %4-inch tube is 
too small to prevent violent sparking. 
With a glass electrode and no other ree- 


tifier, a 2-inch diameter is too great. { 
is true that decreasing the diameter | 
creases the air velocity, but the adva. 
tage of obtaining a more intense elect: | 
discharge apparently more than offseis 
the advantage of decreased air velociiy. 
The optimum diameter of the tubes and 
the proper thickness of the glass are 
points upon which we still feel uncer- 
tain. The size shown in Figure 3A is 
the one which seems to be most satisfac- 
tory when celluloid foil is used. For 
collecting substances which are not to 
be photographed, tubes such as those 
shown in Figures 3B, C, and D, may be 
used. 

c. Electrodes Connected in Parallel. 
—Capacities of industrial plants are in- 
creased by running a number of elec- 
trodes in parallel, both with regard to 
current and with regard to air flow. This 
is inadvisable for our work, however, as 
it gives more than one sample for a sin- 
ole determination. It is preferable to 
increase capacity by using higher field 
intensities and but one set of electrodes. 
In this connection, the data of Shibu- 
sawa and Niwa (16) are especially inter- 
esting. Their curves show that capacity 
(or efficiency) varies with both the sec- 
ondary voltage and the amperage. It 
would seem, therefore, that doubling the 
number of electrodes should not double 
the capacity of a given installation but 
that the increased eapacity should be 
somewhat less than deuble. Lamb found 
it possible to increase the capacity of | 


~ 


fj 


electric smoke mask by increasing 
number of precipitator tubes. It should 
also be feasible to do the same thing 
our apparatus, but for the reasons giv°n 
we do not feel that it would be an adv: 
tage. For our work it is preferable 
use but one tube, although we know 
no reason why more could not be us 
d. The Effect Produced by Us 
Supple Electrodes. —F igure 4 show 
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us form of precipitate which is ob- 
d by using thick (4% inch) supple 
llie precipitating electrodes and 
orting them only at the upper or ex- 
.t end of the tube. The lower part, 
e precipitation is heaviest, is, there- 
free to shake with the static dis- 
yes. While we have never been able 
ake two precipitations alike, the 
patterns at the upper end of the 
foil are usually plainly visible. We 
‘hought at first that they indicated the 
yath followed by the free end of the pre- 
cipitating electrode, but, as they are 
usually heaviest at the upper end where 
ihe shaking is less, this explanation is 
seemingly incorrect. Whether or not 
ihe preeipitator is overloaded, as it was 
this ease, makes little difference. As 
eeneral rule these patterns are ob- 
tained only at the expense of low capac- 
ties, and are probably caused by the 
siaking of the electrode and consequent 
reduction in the effective diameter of 
ile collecting electrode. By using the 
same lg-ineh eleetrode fixed at both 
ids, substantially greater capacities 
are obtained than when one end of the 
ectrode is loose. 


~ 


(‘OMPARATIVE PRECIPITATING CAPAC- 
ies WITH SMOKE, F'uME, AnD Dust 


It has already been pointed out that 
appearance of the precipitate on the 
oid foil gives a delicate test of pre- 
ation efficiency and, hence, of the 
city of the precipitator. Whether 

or small precipitators are used 
vhether the light beam or foil 
dof detecting overloads is em- 

i, the same sort of results are ob- 

lt is a simple matter to adjust 
ltage, air speed, and concentra- 
or smoke, fume, or dust, so that no 
ial is visible in the light beam and 

‘ precipitated above the alumin- 


+ 
’ 


} 
l 


ium foil on the outside of the collecting 
electrode. Then, by decreasing the vol- 
tage and increasing the air speed or con- 
centration, material which is recognized 
first on the glass tube above the alumin- 
ium foil passes through. When the over- 
load is increased slightly more, particles 
are recognized in the Tyndall box by the 
disappearance of the black line across 
the main beam from the carbon are. 
Figure 5 is a photograph of a silica 
precipitate, and shows a slight but per- 
ceptible overload which, in practical 
work, is probably too slight to be con- 
sidered. The precipitator was running 
at 70 liters per minute. Figure 6 shows 
silica dust obtained with the precipi- 
tator running at 45 liters per minute 
a little less than full capacity. Figure 
7 shows ammonium chloride fume col- 
lected when the precipitator was ob- 
viously overloaded and the air flow was 
at 35 liters per minute. Figure 8 pic- 
tures ammonium chloride fume taken at 
as nearly full load as is possible. The 
air flow in this case was at 25 liters per 
minute. ‘Tobacco smoke precipitates re- 
sulted in tarry droplets unsuited for 
photography. Furthermore, the parti- 
cles were too small to be photographed 
by the equipment available (see Figure 
11), and showed only the tarry droplets 
of condensed and precipitated moisture. 
Results with tobacco smoke showed that 





a safe load was 15 to 20 liters per min- 
ute as compared with 25 liters for 
ammonium chloride fume and about 50 
liters for silica dust. The ease with 
which the precipitator could be over- 
loaded with tobacco smoke was more 
pronounced than was the case with 
fume or dust. The same voltage and 
leneth of run were used in all three 
‘ases, while the concentration was kept 
as nearly the same in each pair of runs 
as was possible with the apparatus and 
methods used. 
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Similar photographs can be taken by 
using too low voltages or too high con- 
centrations. It should be possible, there- 
fore, to plot curves of precipitation effi- 
ciencies at various air speeds, concen- 
trations, and field intensities (both seec- 
ondary voltage and amperage being con- 
sidered). The results obtained by Lamb 
(15) and by Shibusawa and Niwa (16) 
with ammonium chloride indicate that 
these relations are not linear and that 
it is probably economical to run indus- 
trial plants at a slight overload. 

The results shown in our photographs 
indicate that, at a constant voltage, the 
precipitator has a capacity which varies 
with the number of particles passed 
through it, while the number, in turn, is 
governed by the size of the particles. 
Failure to appreciate the importance of 
these factors in overloading may be the 
reason why both Bill (14) and the Bu- 
reau of Mines (18) found the efficiency 
of their small Cottrell precipitators to 
be substantially less than 100 per cent. 
Tolman (13) and Lamb (15) used much 
lower rates of air flow and obtained 
complete precipitation. It is noticed 
that Warren and Read (23) aecept 82.7 
per cent. as Bill’s figure tor electrie pre- 
cipitation efficiency and use it in com- 
paring the efficiency of several types of 
laboratory dust-collecting devices. In 
our opinion this is an injustice to Bill 
and to his method. He used solid alu- 
minium tubes for most of his field work 
so that he was probably unable to exam- 
ine the collected precipitate. In the 
face of a mass of industrial evidence 
that large particles, such as dust, and 
smaller particles, such as metallie oxide 
fumes, can be recovered at efficiencies 
close to 100 per cent., to say nothing of 
Lamb’s and of Tolman’s evidence of 100 
per cent. recovery of fume and smoke 
with small precipitators, Warren and 


Read’s acceptance of this low figur. of 


82.7 per cent. for silica dust seems \p. 
warranted. 


Vi. Tue Apaprarion oF ELEcTRIC Ppp. 
CIPITATION TO THE PHOTOMICROGRAP {iy 
oF Dust, Fumr, anp SMOKE 


The advantages of obtaining photo. 
micrographs of dust, fume, and smoke 
particles as they occur in the air are ob. 
vious. Owens’ (24) method for making 
such photographs is the only way that 
we have found which approaches quan. 
titative accuracy. His method is lin. 
ited to small samples (such as 50, 100, 
and 100 ¢.e., according to the condition 
of the air or gas being sampled). It 
seems to be best adapted to counting, al. 
though he has shown that it 1s well suited 
for photomicrographic work. — Since 
there is but little choice in the amount 
of air sampled, there is equally little 
choice in the density of the field obtained 
on the cover slip. Owens has demon- 
strated the method to be accurate and 
particularly suited for taking samples 
when the gravimetric significance of the 
slight. His apparatus, 
therefore, owing to its simplicity, com- 


particles is 


pactness, light weight, sensitivity, and 
low cost, is excellent for taking smal 
samples of particulate matter in air. 
Figures 5, 6, 7, and 8 show the grad: 
ual tapering off of the precipitate ob- 
tained with the celluloid foil in our appa- 
ratus, and demonstrate that, by cutting 
a foil, a field of any desired intensity 
may be placed beneath the microscope. 
If the sample is handled with reasonable 
‘are the slight seratehes which may be 
on either side of the celluloid are out 0! 
Figures 9 and 10 are photo 
eraphs of silica and ammonium chloride 
particles at a magnification of 680 dian 
eters. 


foeus. 


The difference in the size ot tile 


particles is obvious. ‘Tobaeco spoke 
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Rate 35 liters per minute. 











Ammonium 


slightly overloaded. 


OF DUST 


ic. 6. 


45 liters 


chloride 





Silica dust; 
eomplete recovery. Rate 


per 





fuie ; 
Rate 25 liters per minute. 


minute, 


precipitator 





~ 


OE EE LO EN IMI OMe remem 





a 

















ae 


es 





CRIME 2 I EE ge Oe IE. 








5 See 


OA aie Tian 


Dew SL 


se wthbntin cancaina tm Lis ig ne eal tea BL cad 


SMI A. 


Se 


iain ee aie ae ER Tet A 


«2? 





ee 


180 THE JOURNAL OF INDUSTRIAL HYGIENE 


particles could not be seen at this mag- 
nifiecation, but there is no apparent rea- 
son why they could not be photographed 
with better equipment. Figure 11 is a 
photograph of droplets of water con- 
taining smoke particles. The magnifica- 
tion is 680 diameters and is obviously 
too low to show the smoke particles. 


l. The Dispersion of Particles Collect- 
ed on Transparent Foils 

We have obtained no evidence to up- 
hold the contention that high tension 
unidirectional current discharges pro- 
duce true precipitation as distinguished 
from floeeulation, nor is it admitted that 
the characteristies of the rectified cur- 
rent and voltage curves prove that such 
It may doubt- 
less be maintained that the precipitation 
produced by our apparatus, as distin- 
euished from that produced by Cottrell 
precipitators which use current rectified 


a current is necessary. 


by mechanical means or by thermionic 
valves, is due in some measure to floc- 
culation. If this were true, it should be 
evident in both macroscopic and micro- 
scopic examinations of the precipitate 
collected on a transparent foil. ‘There 
is no question that the silica and am- 
monium chloride particles shown in Fig- 
ures 9 and 10 are dispersed and not floe- 
culated. These were picked at random 
and can be duplicated with certainty. 
rate 
which is practically instantaneous as 
compared with the much slower clearing 


Since precipitation occurs at a 


up of smoke in a bottle when subjected 
to high tension alternating fields, it 
seems fairly certain that this method 
gives a true picture of the degree of dis- 
persion of the particles in the air imme- 
diately betore precipitation. 


yA Bloc ulation atte 4 Pre ( / vtation 
| 


Landolt (25) states that the precipl- 
| | 


tate on the collecting electrodes of C 
trell precipitators has a flocculated ». 
distinguished from a crusty or massi\ 
formation. If we run our apparat 
with either ammonium chloride fume | 
dust for long enough periods to collect a 
heavy precipitate at the beginning of the 
celluloid foil, the precipitate alway 
shows strong flocculation on the outer 
surface (the portion nearest the active 
electrode). If this floceulated materia! 
is carefully lifted off, the under portion 
usually has the normal, evenly dispersed 
appearance. All our results indicate 
that flocculation occurs after precipita- 
tion and is not produced until precipi- 
tation is dense enough to cause layers 
of particles to be built up. In other 
words, it is a surface effect similar to 
that produced when the terminals of an 
induction or Tesla coil are held on oppo- 
site sides of a glass slide covered with 
dust. This flocculation seems to offer 
no difficulties as far as photography is 
concerned, since it can always be avoided 
by making short runs or by selecting 
portions of the precipitate sufficiently 
removed from the floeeculated region to 
give single layers and, therefore, dis- 
persed fields. Furthermore, if photo 
eraphs only are desired and no other 
examination of the collected precipitate 
is required, there is no need of running 
for more than a minute or two. Atter 
ten- to fifteen-minmute runs the sample 
becomes too dense tor photography up 
less the collection on the upper portio! 
of the tube is used. 


3. The Size Distribution of Precip: 
tated Particles 

We are not certain whether or 1 
there is a tendency toward size distribu 
tion of the precipitate. Owing to the 
differences in mass and surface area it 
natural to expect that the small a1 
large particles would be precipitated « 

J 


sept 
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different points, and that the large ones 
would be precipitated first. Figures 12 
and 15 are photographs of sections of a 
silica precipitate cut from the same foil, 
and are typical of runs made at consid- 
erable overload in order to draw out the 
area of precipitation. The heavier pre- 

















i'ic, 9.—Silica dust particles. Average size 3 ew - : <a "in . ‘ 
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Fic. 12.—Silica particles from lower portion of 
foil. Magnification 680 diameters. 











lic. 10.—Ammonium chloride fume particles. 
\verage size approximately 1 micron. 
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Fic. 13.—Silica particles from upper portion of 
foil. Same sample as shown in Figure 12. 


cipitation of Figure 12 indicates that 
this section was taken from the lower 
end of the precipitating electrode, while 
Figure 13 shows a section from the 
‘s. 11.—Droplets of tarry moisture from to- upper end. 


' smoke precipitate. Magnification insufficient rhs » x a we YS sine saacinidani 
ow smoke particles. The fact that electric precipitators are 
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distin- 
guished from particulate matter, sup- 
ports our evidence on the important ef- 
fect that particle size exerts on precipi- 
tation. ‘The smaller the particles and 
the more nearly they approach a true 
vas, the more difficult it should be to ef- 
fect their precipitation. 


ineffective against gases as 


[It was thought that particles nearer 
the wire might be subjected to more in- 
tense precipitation than those near the 
glass electrode. We therefore made up 
a special apparatus consisting of one 
vlass tube inside another. The cross- 
sectional areas of the inner tube and of 
the annular portion of the outer tube 
were made approximately equal. Both 
tubes were fitted tightly to the precipi- 
tator. A black dust was floated through 
the inner tube and a white dust through 
the outer tube, both dust streams pass- 
ing through at approximately 
rates and concentrations. 


equal 
The precipi- 
tate collected on the foil showed no posi- 
tive evidence of selective precipitation 
of either dust at any place on the foil. 


4, cl Qualitative Blectric Precipitator 

for Photomicrographic Sampling 

A device for photomicrographie sam- 
pling which has been developed in this 
laboratory is shown in Figure 14. It re- 
quires no eleetrie equipment other than 
a storage battery, such as the standard 
lead sulphuric acid type used in automo- 
biles, and a cheap automobile induction 
Owing to the construction of the 
coils there is a right and a wrong way 


eoul., 


of connecting the terminals to the pre- 
cipitator slide. This may be determined 
bv holding the terminals near a metal 
pipe or some other convenient ground 
and noticing from which terminal the 


spark jumps the greatest distance. The 


best results are obtained by connecting 


the more powerful terminal to the wire. 
In using the device it is advisable to 


turn it upside-down, as shown, or on its 
side. In this way no particles settle out 
on the plate by gravity. It is also advis- 
able to include a dummy or blank slide 
in the holder in order to make certain 
that precipitation takes place as desired. 
In atmospheres such as those in dust 
factories we have found this apparatus 
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ig. 14.—Qnualitative microscopic sampler. 


useful, since its essentials can be assem- 
bled at the plant by simply removing a 
battery and induction coil from the auto 
mobile in which the rest of the apparatus 
has been transported. At best it has a 
very low capacity, and the field is not 
sufficiently intense to catch particles 
which move by at appreciable velocities. 
It seems to give fairly representative 
samples but the low intensity of the elec- 
tric field makes the precipitation of fine 
particles, if they occur in any consider 
able uncertain. Figure 1°) 
shows a sample of tale dust taken by 
Dr. F. G. Pedley, who assisted in this 
work, in a factory where this materia! 
was used in the manufacture of rubber 
‘ables. This qualitative 
precipitator could doubtless be improved 
but the higher capacity precipitators ac 
complish everything that the small one 
strives for, so that little time has been 
devoted to its development. 


numbers, 


ized copper 
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SHOCKS AND SURFACE 
LEAKAGE 


V IXLECTRIC 


is probably unnecessary to discuss 
‘j)'s point as any one using even the stor- 
ace battery apparatus will, after one or 


wo experiences at least, avoid receiving 
If reasonable precautions, as 


~ | ieks. 


shock without his having actually 
touched the wire or caused a disruptive 
spark to jump the gap. The same effect 
ean be shown by holding a smoking 
match or cigarette near the brush dis- 
charge from a high voltage coil. The 
discharge will follow down the smoke 
stream and on through the earth. It is 




















Fic. 15.—Tale dust sampled by qualitative precipitator, x 400 (approx.). 


es) 


ons. One large seale division=32 microns. 


tated by common sense, are observed, 
(1 if particular care is taken not to 
dle the precipitators unless the cur- 
is off, there is no danger in using 
type of apparatus at voltages as 

1 as 25,000. Unless the high tension 
‘s are heavily insulated, however, 
eis sufficient leakage in the vicinity 

ie wires to give one an unpleasant 





Average size 9 to 10 


unnecessary actually to touch the ter- 
minal or to cause a disruptive spark to 
jump the intervening air gap. 
In wet weather there is the 
tendency for surface leakage to lower 
the effective voltage at the discharge 
terminals of our apparatus as is experi- 
enced with any high tension electrostatie 
apparatus. Consequently, it is best to 


same 
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insulate heavily the high tension sides; 
otherwise, the intensity of the corona 
field is reduced and with it the capacity 
of the precipitator. Insulated wires 
such as are used in standard X-ray out- 
fits should suffice. Without such insu- 
lation the actual electrical efficiency of 
the apparatus, in terms of wattage input 
and output, is probably very low. 


VIL. 


SUMMARY 


The theory of high tension electric 
precipitation is discussed with a view 
particularly to the construction and op- 


. eration of small precipitators for the 


quantitative determination of smokes, 
fumes, and dusts in air. The floecculating 
and precipitating actions of alternating 
and unidirectional currents are com- 
pared, and a_precipitator involving 
neither mechanical nor valve rectifiers 
is deseribed in detail. 

The ease with which electrie preeipi- 
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tators can be overloaded and, at 
same time, work at less than maxin 
efficiency is pointed out, and is show 
vary markedly with the size and n 
ber of particles passing through 
electrostatic field. It is shown that 


i})- 


the 


the 


distribution of the precipitate offers 
convenient and simple field test for over. 


loading. 


Quantitative precipitation, as indi. 
cated by the T'yndall light beam test and 


by the distribution of the precipitate 


On 


the electrode, can be obtained by using 
a Pyrex glass collecting electrode and a 


fine wire or stiff rod for the precipit 
ing electrode. 


at- 


Lining the tube with a 


thin transparent foil, such as celluloid, 


which may be readily withdrawn after 


a 


run, makes it possible to take photo- 


eraphs of the precipitated matter. 


All 


the evidence obtained indicates that true 
precipitation and not flocculation occurs, 
and that complete rectification in small 


scale apparatus is unnecessary. 


BIBLIOGRAPHY 


1. Drinker, P., Thomson, R. M., and Fitehet, S. 
M.: Atmospheric Particulate Matter: I. Dust, 
with a New Apparatus for its Determination. 
THis Jour., 1923-1924, 5, 19, 62. 

2. Gibbs, W. E.: The Industrial Treatment of 
Fumes and Dusty Gases. 
Indust., 1922, 4/, 189T. 


Jour. Soe. Chem. 

o Lodge, O.: Historical Note on Dust, Electri- 
fication, and Heat. Nature, 1904-1905, 71, 
HS, 

4. JTodge, O.: 


Smoke, ete. 


The Electrie Disposition of Dust, 
Jour. Soe. Chem, Indust., 1886, 


oe) 


f 
ao, wb ae 


v. Cottrell, F. G.: The Electrical Precipitation 
of Suspended Purticles. 
Engin. Chem., 1911, 8, 542. 
Cottrell, F. G.: 
and Dust Abatement. 
port, 1915, G55. 

6 Cottrell, IF. G.: 
Sinoke 


Jour, Indust. and 


Problems in Smoke, Fume, 


Smithsonian Ann. Re- 


Recent Progress in Electrical 
Precipitation. Min. 
1916, 101, 3Sod. 

Bush, Hl. J.: electrical Precipitation. 
Soe. Chem. Indust., 1922, 417, 22T. 


Engin. Jour., 


Jour. 


7. Nesbit, A. F.: The Theoretical and Experi- 


13. Tolman, R. C., 


mental Consideration of Electrical Precipita 


tion. Proc. Am. Inst. Elec. Eng., 1915, 3 


507; Tr. Am. Inst. Elec, Eng., 1915, 34 Part 1 


405. 


8. Tolman, R. C., and Karrer, S.: Motion 
Droplets and Particles in the Field of 


+ 
{)) 


the 


Corona Discharge. Chem. Met. Eng., 1920, <<, 


1203. 

9. Strong. W. W.: Electrical 
from Fluids. Proc, Am. 
1915, 34-2, 229; Tr. Am. 
1915, 34 Part 1, 397. 

10. Saget: La Précipitation électrique des 

Rev. mét., 1922, 19, 703. 

11. Winne, H. A.: The Cottrell Process of 
trical Precipitation. General Electric 
1921, 24, 910. 

12. Dushman, S8.: 
High 
Kenotron. 


Inst. 
Inst. Elec. ! 


siéres. 


A New Device for Recti! 
Alternating Currents. 
Tbid., 1915, 18, 156. 


Tension 


Reyerson, L. H., Brook 
P., and Smyth, H. D.: An Electrical Pr 


tator for Analyzing Smokes. Jour. 
Chem. Soe., 1919, 41, S87. 
se] 


Precipitatio 
Theory of the Removal of Suspended Matte! 


Elee. 


— 


53 








ELECTRIC PRECIPITATION OF DUST 185 


Bill. J. P.: The Electrostatic Method of Dust 
Collection as Applied to the Sanitary Analysis 
of Air. THIs Jour., 1919-1920, 1, 323. 

Lamb, A. B., Wendt, G. L., and Wilson, R. E.: 
A Portable Electric Filter for Smokes and 
Bacteria. Tr. Am. Electrochem. Soc., 1919, 
35. 357. See also Lamb, A. B.: U. 8S. Patent 
1,442,619 (Jan. 16, 1925). 

Shibusawa, M., and Niwa, Y.: A New Elec- 
trical Precipitation Treater. Jour. Am. 
Inst. Elee. Eng., 1920, 39, S90. 

Tolman, R. C., Vliet, E. B., Peirce, W. McG., 
and Dougherty, R. H.: The Disappearance of 
Smoke in a Confined Space. Jour, Am, Chem. 
Soe., 1919, 41, 504, 

See also 

Whytlaw-Gray, R., Speakman, J. B., and 
Campbell, J. H. P.: Smokes: Part I.—A 
Study of their Behaviour and a Method of 
Determining the Number of Particles they 
Contain. Proce. Roy. Soc., London, 1928, 
Series A, 102, 600. 

Whytlaw-Gray, R., and Speakman, J. B.: 
Smokes: Part II.—A Method of Determin- 
ing the Size of the Particles in Smokes. Jbid., 
p. 615. 

Katz, S. H., Longfellow, E. S., and Fieldner, 
A. C.: Efficiency of the Palmer Apparatus for 


19. 


20. 


21. 


99) 


92 


mt). 


Or 


at). 


Determining Dust in Air. THis Jour., 1920- 
1921, 2, 167. 

See also 

Fieldner, A. C., Katz, 8S. H., and Longfellow, 
Kk. S.: The Sugar-Tube Method of Determin- 
ing Rock Dust in Air. U. 8S. Bur, Mines, 1921, 
Tech. Paper 278. 

Wells, P. V., and Gerke, R. H.: An Osceilla- 
tion Method for Measuring the Size of Ultra- 
microscopic Particles. Jour. Am. Chem. Soc., 
1919, 41, 312. 

Rothmund, V.: Ueber das <Auftreten von 
Nebeln bei chemischen Reaktionen. Monatsh. 
f. Chem., 1918, 39, 571 (see p. 596). 
Fieldner, A. C., Oberfell, G. G., Teague, M. 
C., and Lawrence, J. N.: Methods of Testing 
Gas Masks and Absorbents. Jour. Indust. 
and Engin. Chem., 1919, 77, 519. 

Oberfell, G. G., and Mase, R. P.: An Auto- 
matic Compensating Flow Meter. Jbid., p. 294. 
Warren, P. H., and Read, T. A.: Methods and 
Apparatus for Dust Suspended in Air. Proce, 
Australian Inst. Min. and Met., 1922, N. S. 
No. 47, 297. 

Owens, J. S.: Jet Dust Counting Apparatus. 
THIs JOUR., 1922-1923, 4, 522. 

Landolt, P. E.: Cottrell Process. Tr. Am. 


ox 


Electrochem. Soe... 1914, 26, 255. 


ae ey Te ay ewer 


ary a Tae 


“rwr 


OO are 





er Oe eepige « tor 


Re oR Tor ~~ 



































OD 






pee ee ee ee See 


- . . _ — 
eee Se ee ere oo LT annem het senipiithn wnt 





ie cea et santa ete Tet ie a Me a 


Demo 


Le a 


eet 


(2k Dae SE EE LORS a 


a oe 


a a eee 


ae ee 


: 


—_ 


THE JOURNAL OF INDUSTRIAL HYGIENE 






BOOKS RECEIVED 


Books received are acknowledged in this column, and such acknowledgment must be regarded as 


sufficient return for the courtesy of the sender. 
readers and as space permits. 


° 

ILA CERUSE: UNE GRAVE QUESTION D’HYGIPNE 
PROFESSIONNELLE ET SOCIALE. By F. DL. Cantineau, 
A.I.Lg., Capitaine-Commandant du 
Génie, de réserve, Directeur-Général au Ministére 
des Affaires Economiques de 
Pp. 4S0. 


Ingénieur 


selgique. Paper. 
Paris and Liége: Ch. Béranger, 1921. 


ENVIRONMENT AND RESISTANCE IN TUBERCULOSIS. 
By Allen KK. Arause, A.M., M.D., Associate Profes- 
sor of Medicine, Johns Hopkins University: Diree- 
tor, Dows Tuberculosis Research Fund, Johns Hop- 
kins University; Physician in Charge, Phipps Tu- 
berculosis Dispensary. Johns Hopkins Hospital; 
Lecturer, Trudeau School of Tubereulosis;: Edi- 
tor, American Review of Tuberculosis; Author of 
a Section on Tuberculosis in Nelson’s Loose Leaf 
System of Medicine, and of the Section on Tuber- 


Selections will be made for review in the interest of our 


np 
ts 


culosis in the United States for the Encyclopedia 
sritannica. Cloth. Pp. 187. Baltimore: Williams 
& Wilkins Company, 1923. 


Rest AND OTHER THINGS. By Allen K. Krause. 
A.M., M.D., Associate Professor of Medicine, 
Johns Hopkins University; Director, Dows Tuber- 
culosis Research Fund, Johns Hopkins University ; 
Physician in Charge, Phipps Tuberculosis Dis- 
pensary, Johns Hopkins Hospital; Lecturer, Tru 
deau School of Tuberculosis; Editor, American 
Review of Tuberculosis; Author of a Section on 
Tuberculosis in Nelson's Loose Leaf System of 
Medicine, and of the Section on Tuberculosis in 
the United States for the Encyclopedia Britannica. 
Cloth. Pp. 159. Baltimore: Williams & Wilkins 
Company, 1928. 





NOTICES 187 


Eighth Annual Meeting of 


‘HE AMERICAN ASSOCIATION OF INDUSTRIAL PHYSICIANS 
AND SURGEONS 


Buffalo, N. Y., October 1, 2 and 3 


Program 


Monday, October 1—10 A. M. 
Statler Hotel, Buffalo, N. Y. 
BusIneEss MEETING 
1. Remarks by the President. 
Report of Secretary-Treasurer. 
Reports of Committees. 
Appointment of Nominating Committee. 


Monday, October 1—2 P. M. 
Statler Hetel 
Joint Session of the Association and the National Safety Council. There will be three 
speakers, two from the Safety Council and one from the Association, 


He CO IS 
4 ° : 


Tuesday, October 2—10 A. M. 
Statler Hotel 

Joint Session of the Association and the Health Service Section of the National Safety 
Couneil. 

1. Some EXPERIENCE IN THE COLLECTION OF INpuSTRIAL Morpipiry STATISTICS FROM 
Various Sources. DL. R. Thompson, M.D., U.S.P.H.S., Washington, D. C., and Dean K. 
Brundage, U.S.P.H.S., Washington, D. C. 

2 Some OF THE NEWER INDUSTRIAL Porsons. Alice Hamilton, M.D., Boston, Mass. 

3. SURGERY OF THE Spine. Russell Hibbs, M.D., New York City. 

{ Tre PREVENTION, REHABILITATION, AND MEDICOLEGAL ASPECTS OF SPRAINED BACK. 
hn N. Bassin, M.D., Newark, N. J. 


Tuesday, October 2—2 P. M., 
Statler Hotel 
Joint Session of the Association and the Safety Council. 
1. Annual address of the President. C. EF. Ford, M.D., New York City. 
2. Hear Hazarps IN Inpustry. G. H. McKinistry, M.D., Pittsburgh, Pa. 
3. RELATION OF THE INDUSTRIAL SURGEON TO THE FAmiLty Puysician. Harold G. Gid- 
ngs, M.D.. Boston, Mass. 
!. RELATION oF INDUSTRIAL MEDICINE TO GENERAL Practice. Harry Meyers, M.D., 
\lansfield. Ohio. 
>. SHOULD THE PHYSICIAN GO OUT INTO THE PLANT? Wade Wright, M.D., Boston, 


Wednesday, October 3—10 A. M. 
Municipal Hospital 
Joint Session of the Association and the Health Service Section, National Safety Council. 


l. Tues Economic Viewpoint Upon SypHitis IN INpustry. W. Louis Hartman, M.D., 
oit, Mich. 

2. Tue Puysican Examination oF 50,000 GARMENT WorKeERS. George M. Price, M.D., 
York City. 

THe Enpicorr JoHNsoN MepicaL Service. Daniel C. O’Neil, M.D., Binghamton, 


!. Furruer Srupres in Menta Hyairene 1x Inpustry. Frederick W. Dershimer, 
Cleveland, Ohio. 


| Wednesday, October 3—1 P. M. = 
Luncheon at the Municipal Hospital, followed by a study of the Hospital’s rehabili- 
service and facilities. 
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Fifty-Second Annual Meeting of 
THE AMERICAN PUBLIC HEALTH ASSOCIATION 
Boston, Mass. 
October 8-11, 1923 


Tentative Program 
INDUSTRIAL HYGIENE SECTION 


Session I * 

Reading of Minutes of Previous Meeting. 

Election of Nominating Committee. 

Address of Chairman. 

The Srarus oF THE PROBLEM OF RESUSCITATION IN CASES OF RESPIRATORY FAILuRE, 
Cecil K. Drinker, M.D., Laboratory of Applied Physiology, Harvard Medical School, Boston, 
Mass. 

STANDARDS FOR PROCEDURES IN LEAD Potsontna. Joseph C. Aub, M.D., Laboratory of 
Apphed Physiology, Harvard Medical School, Boston, Mass. 

Diseussion led by Dr. Fairhall, Harvard Medical School, and Miss Minot, Harvard 
Medieal School. 

The Diseases or Pressers AND TAtLors, BASED ON SUPERVISION OF Six THOUSAND 
WorkKeErRS FoR TEN YEARS. George M. Price, M.D., Director of Union Health Center, New 
York City. 

Discussion led bs J. W. Schereschewsky, M.D. 

PHYSIOLOGICAL STUDIES IN CONNECTION WITH VENTILATION. Philip Drinker, B.S., Ch.E., 
School of Publie Health, Harvard University, Boston, Mass. 

Tie Use or Enecrric PRECIPITATION IN THE ESTIMATION AND MICROSCOPIC STUDY OF 
Armospitertc Dust, Fumes, AND Smoke. Philip Drinker, B.S., Ch.E., School of Public 
Health, Harvard University, Boston, Mass. 

Discussion led by Mr. Leonard Greenburg, U.S. Publie Health Service, New Haven, Conn. 

*This session will probably be held in the School of Public Health of Harvard Univer- 
sity, on account of the two demonstrations by Mr. Drinker. 


SESSION I] 

Business Meeting, Industrial Hygiene Section. 

Tue DIAGNO-TIC CLINIC OF THE HENRY PHIppsS INSTITUTE, WITH ANALYSIS OF CASES. 
Frank A. Craig, M.D., Henry Phipps Institute, Philadelphia, Pa. (Tentative.) 

STANDARDS OF TEN THOUSAND PuysicAL EXAMINATIONS OF INDUSTRIAL WorkKERS. L. fk. 
Thompson, M.D., Surgeon in Charge, Industrial Hygiene Bureau, U. 8S. Publie Health 
Service, Washington, D. C., 

Report of Nominating Committee. 

Klection of Seetion Officers. 

OccuUPATIONAL DISEASE COMPENSATION. John B. Andrews, Ph.D., Secretary, Amer 
ean Association for Labor Legislation, New York City. 

Discussion led by F. L. Reetor, M.D., Secretary, Conference Board of Physicians 1! 
Industry, Boston, Mass.; and E. R. Hayhurst, M.D., Ph.D., Professor of Hygiene, Ohio 5! 
University; Consultant, State Department of Health. Columbus, Ohio. 


Tue Economics or INpustrrAL Heaura Services. Bernard L. Wyatt, M.D., Direc 
Health Service, Laurentide Co., Grand’mere, Quebec. 


— 


[t is also probable that a speaker of international reputation in this field will be secu 
to speak at one of the General Sessions on the subject of 


‘“‘The Eeonomies of Indust 
Ilygiene,’ 


having in mind the shortage of labor at the present period, the restricti 

on immigration, ete. 

Emery R. Hayhurst, M.D. 
Chairman, Program Committee 


J. i. 
Ssept., 19% 





